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Descripti n 

BACKGROUND OF THE INVENTION 

5 1. Field of the Invention. 

[0001] The present invention relates to cellulase preparations and compositions having increased or decreased eel- 
lulolytic capacity. The invention further relates to a nucleotide sequence of the bg!1 gene encoding extracellular P- 
glucosidase from a filamentous fungi, a plasmid vector containing the gene encoding extracellular p-glucosidase and 
10 transformant strains with increased copy numbers of the p-glucosidase (bgh) gene introduced into the genome. More 
particularly, the present invention relates to Trichoderma reesei strains that have increased levels of expression of the 
bg!1 gene resulting in enhanced extracellular p-glucosidase protein levels that can be used in conjunction with other 
compositions to produce a cellulase product having increased cellulolytic capacity. 

15 2. State of the Art. 

[0002] Cellulases are known in the art as enzymes that hydrolyze cellulose (P-1 ,4-glucan linkages), thereby resulting 
in the formation of glucose, cellobiose, cellooligosaccharides, and the like. As noted by Wood et al., "Methods in En- 
zymology", 160, 25, pages 234 et seq. (1988) and elsewhere, cellulase produced by a given microorganism is com- 

20 prised of several different enzyme classes including those identified as exocello-biohydrolases (EC 3.2.1 .91) ("CBH"), 
endoglucanases (EC 3.2. 1 .4) ("EG"), p-glucosidases (EC 3.2. 1.21) ("BG"). Moreover, the fungal classifications of CBH, 
EG and BG can be further expanded to include multiple components within each classification. For example, multiple 
CBHs and EGs have been isolated from a variety of bacterial and fungal sources including Trichoderma reesei which 
contains 2 CBHs, i.e., CBH I and CBH II, and at least 3 EGs, i.e., EG I, EG II, and EG III components. 

25 [0003] The complete cellulase system comprising components from each of the CBH, EG, and BG classifications is 
required to efficiently convert crystalline forms of cellulose to glucose. Isolated components are far less effective, if at 
all, in hydrolyzing crystalline cellulose. Moreover, a synergistic relationship is observed between the cellulase compo- 
nents particularly if they are of different classifications. That is to say, the effectiveness of the complete cellulase system 
is significantly greater than the sum of the contributions from the isolated components of the same classification. In 

30 this regard, it is known in the art that the EG components and CBH components synergistically interact to more efficiently 
degrade cellulose. See, for example, Wood, Biochem. Soc. Trans., 13, pp. 407-410 (1985). 

[0004] The substrate specificity and mode of action of the different cellulase components varies with classification, 
which may account for the synergy of the combined components. For example, the current accepted mode of cellulase 
action is that endoglucanase components hydrolyze internal p-1 ,4-glucosidic bonds, particularly, in regions of low crys- 
35 tallinity of the cellulose and exo-cellobiohydrolase components hydrolyze cellobiose from the non-reducing end of 
cellulose. The action of endoglucanase components greatly facilitates the action of exo-cellobiohydrolases by creating 
new chain ends which are recognized by exo-cellobiohydrolase components. 

[0005] p-Glucosidases are essential components of the cellulase system and are important in the complete enzymatic 
breakdown of cellulose to glucose. The p-glucosidase enzymes can catalyze the hydrolysis of alkyl and/or aryl P-D- 
40 glucosides such as methyl p-D-glucoside and p-nitrophenyl glucoside, as well as glycosides containing only carbohy- 
drate residues, such as cellobiose. The catalysis of cellobiose by p-glucosidase is important because it produces 
glucose for the microorganism and further because the accumulation of cellobiose inhibits cellobiohydrolases and 
endoglucanases thus reducing the rate of hydrolysis of cellulose to glucose. 

[0006] Since p-glucosidases can catalyze the hydrolysis of a number of different substrates, the use of this enzyme 
45 in a variety of different applications is possible. For instance, some p-glucosidases can be used to liberate aroma in 
fruit by catalyzing various glucosides present therein. Similarly, some P-glucosidases can hydrolyze grape monoter- 
penyl p-glucosidase which upon hydrolysis, represents an important potential source of aroma to wine as described 
by Gunata et al, "Hydrolysis of Grape Monoterpenyl p-D-Glucosides by Various P-Glucosidases", J. Agric. Food Chem. , 
Vol. 38, pp. 1232-1236 (1990). 

so [0007] Furthermore, cellulases can be used in conjunction with yeasts to degrade biomass to ethanol wherein the 
cellulose degrades cellobiose to glucose that yeasts can further ferment into ethanol. This production of ethanol from 
readily available sources of cellulose can provide a stable, renewable fuel source. The use of ethanol as a fuel has 
many advantages compared to petroleum fuel products such as a reduction in urban air pollution, smog, and ozone 
levels, thus enhancing the environment. Moreover, ethanol as a fuel source would reduce the reliance on foreign oil 

55 imports and petrochemical supplies. 

[0008] But the major rate limiting step to ethanol production from biomass is the insufficient amount of p-glucosidase 
in the system to efficiently convert cellobiose to glucose. Therefore, a cellulase composition that contains an enhanced 
amount of p-glucosidase would be useful in ethanol production. 
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[0009] Contrarily.insomecases.itisdesirabletop^ 

free of p-glucosidase. Such compositions would be advantageous in the production of cellob.ose and other cellooln 

?0 O 0lT h N^ S cosidases are present in a variety of prokaryotic organisms, as well as eukaryotic organisms. The gene 
encodingSlucosidasehas been cloned from several prokaryotic organisms and the gene .sable to direct the synthesis 
of detectable amounts of protein in E. coli without requiring extensive genetic engineering, although, in some cases, 
coupling with a promoter provided bylhlvector is required. However, p-glucosidases are not produced by such or- 
qanisms in commercially feasible amounts. 

?0011] Furthermore, such prokaryotic genes often cannot be expressed and detected after trans format™ of the 
eukaryotic host. Thus, in order to use fungal strains, fungal genes would have to be cloned using methods descnbed 

herein or by detection with the TreeseiMl „ , «,. ateri h u 

[0012] The contribution and biochemistry of the p-glucosidase component in cellulose hydrolys.s is complicated by 

the apparent multiplicity of enzyme forms associated with T reesei and other fungal ^<^« * 
of Trichoderma reesei and Aspergillus niger p-glucosidase", J. Appl. Biochem., Vol. 3 pp. ^^^s,! 
al "A constitutive, plas ma membrane bound p-glucosidase in Trichoderma reesei", FEMS Microbiology Lette^ Vol 
34 nn 291-295 (1986); Jackson et al. "Purification and partial characterization of an extracellular p-glucos.dase of 
Trichoderma reesei using cathodic run. polyacrylamide gel electrophoresis". Biotechnol Bioen^ Vol 32. pp. 903-909 
(1988)) These and many other authors report p-glucosidase enzymes ranging in size from 70-80 Kd and .n pi from 
7 5-8 5 More recent data suggests that the extracellular and cell wall associated forms of p-glucosidase are the same 
enzyme (Hofer et al. "A monoclonal antibody against the alkaline extracellular p-glucosidase fr°m Tr,choderma reesei: 
reaSy with other Trichoderma p-glucosidases". Biochim. Biophys. Acta. VoL 992. pp. ^^ 9 ^^ 
Kubicek "Evidence for a single, specific p-glucosidase in cell walls from Trichoderma reese. QM94 4 Enzyme M.crob. 
Technol' Vol 12 pp 685-690 (1990)) and that the variation in size and pi is a result of post translational modification 
SeTe'rogeneousmethodsof enzyidepurification.lt is unknown whether the intracellular p^luc<«idase spec.es wrth 
a p. of4.4 and an apparent mo.ecu.ar weight of 98,000 is a nove. p-glucosidase (Inglin 

characterization of a new intracelli ilar p-gli <™«*«° nf Trichoderma reesei". Biochem. J„ Vol. 185, pp. 515-519 (1980)) 
oaprS^ 

[001 3] Since a major part of the detectable 6-glucosidase activity remains bound to the ceH wall (Kubicek Release 
of carboxymethylcellulase and p-gl«cosidase from cell walls of Trichoderma reesei" . Eur. J Appl Biot echn _ol Vol 3 
op 226-231 (1981); Messner and Kubicek, supra; Messner et al, "Isolation of a p-glucos.dase Ending and activating 
tam cel. walls of Trichodem^aT eesei". Arch. Microbiol- Vol. 154. pp. 150-155 ( 990). comment, 
preparations of cellulase are thought to be reduced in their ability to produce glucose because of relatively low con- 
centrations of p-glucosidase in the purified cellulase preparation. 

^00 4] To overcome the problem of p-glucosidase being rate limiting in the production o glucose from c^u.ose using 
Sulase produced by a filamentous fungi, the art discloses supplementation of the cellulolytic sys tem of Tnch^a 
reesei with the p-glucosidase of Aspergillus and the results indicate an increase in rate of sacchanf.cat.on of cellulose 

Duff. BiotechnolLetters. 7. 185(1985). Culturing conditions of the fungi havea^^^ 
P-glucosidase activity in Trichoderma reesei as illustrated in Sternberg et al. Can. J. M.crob.o . 23 39 d^and 
Tangnu et al. Biotechnol. Bioeng. . 23. 1837 (1981). and mutant strains obtained by ultrav.o et mutation have been 
eported to en hance the productio n of p-glucosidase in Trichoderma reesei. Although these aforementioned methods 
Sease !he amount of p-glucosidase in Trichoderma reesei, the methods lack practicality and. in many .nstances. are 

rooiTTgtlSiS engineered strain of Trichoderma reesei or other filamentous fungi that produces an increased 
amount of p-glucosidase would be ideal, not only to produce an efficient cellulase system, but to Mi6ruN«M«v 
aeased levels of expression of the bgll gene to produce a cellulase product that has .ncreased cellulolytic capacty. 
Such a strain can be feasibly produced using transformation. 

[0016] But. in order to transform mutant strains of Trichoderma reesei or other filamentous fungi, the ammo acid 
sequence of the boM gene of Trichoderma reesei or the other filamentous fungi must be first characterized so that the 
bgM gene can be cloned and introduced into mutant strains of Trichoderma reesei or other f,lament ° u ^"9' one pan 
[0017] Additionally, once the bgll gene has been identified, information within linear fragments of the b£ [gene can 
be used to prepare strains of frichoderma reesei and other filamentous fungi which produce cellulase compositions 

mm ^'SSythis invention is directed, in part, to the characterization of the bgll gene that encodes i for _extra- 
Sular or cell wall bound p-glucosidase from Trichoderma reesei and other filamentous fungi. This .nvention is further 
Sected to the cloning of the bgll gene into a plasmid vector that can be used in the transformation process and to 
introduce the bgll gene into Ih TTrichoderma reesei or other filamentous fungi genome in mu,t 'P |e ^^2 
generating tran^rmed strains which produce a cellulase composition having a significan increase ,n p-glucosidase 
activity Moreover, cellulase compositions that contain increased cellulolytic capacity are also disclosed. 
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[0019] This invention is further directed, in part, to altered copies of the bgM gene which may change the properties 
of the enzyme and which can be reintroduced back into the Trichoderma reesei or other filamentous fungi genome. 

SUMMARY OF THE INVENTION 

5 

[0020] The amino acid sequence of the extracellular or cell wall bound p-glucosidase protein from Trichoderma reesei 
has now been obtained in sufficient detail to enable the bg!1 gene to be cloned into a suitable plasmid vector. The 
plasmid vector can then be used to transform strains of filamentous fungi to produce transfonmants which have multiple 
copies of the bgM gene introduced therein. 
w [0021] Accordingly, in one of its process aspects, the present invention relates to a process for expressing enhanced 
extracellular ^-glucosidase in a filamentous fungus comprising expressing a fungal DNA sequence encoding enhanced 
P-glucosidase in a recombinant host microorganism, said recombinant host microorganism being a filamentous fungus 
transformed with an expression vector containing said DNA sequence. 

[0022] In yet another process aspect, the present invention relates to a process for expressing an altered extracellular 
15 p-glucosidase in a filamentous fungus. 

[0023] In another aspect, the present invention is directed to the amino acid sequence of extracellular p-glucosidase 
from Trichoderma reesei. 

[0024] In yet another aspect, the present invention is directed to use of a nucleic acid fragment comprising the entire 
or partial nucleotide sequence of the X reesei extracellular p-glucosidase gene as a probe to identify and clone out 

20 the equivalent bg!1 gene from other p-glucosidic filamentous fungi. 

[0025] In one of its composition aspects, the present invention is directed to novel and useful transformants of Tri- 
choderma reesei, which can be used to produce fungal cellulase compositions, especially fungal cellulase compositions 
enriched in p-glucosidase or deleted of p-glucosidase. Also contemplated in the present invention is the alteration of 
the bgM gene and the introduction of the altered bgM gene into T. reesei to produce transformants which can also be 

25 used to produce altered fungal cellulase compositions. 

[0026] In another composition aspect, the present invention is directed to fungal cellulase compositions prepared 
via the transformed Trichoderma reesei strains. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 

[0027] 

Fig. 1 is the nucleotide sequence and deduced primary amino acid structure of the entire T. reesei bgM gene. 
Fig. 2 is a schematic representation of the vector pSASfl-glu . 
35 Fig. 3A is a figurative representation of the vector pSASAflGlu bal pyr (A36). 

Fig. 3B is a figurative representation of the vector pUCAP-Glu A/R pyr (A12). 

Fig. 4 represents a Northern blot of total RNA isolated from the transformed strains of Trichoderma reesei following 
induction with sophorose using the probes of cbh2 and a 700 bp fragment of bgM cDNA. 
Fig. 5A represents an autoradiograph of a Southern blot of T. reesei DNA illustrating the presence of p-glucosidase 
40 gene in wild type T. reesei (RL-P37) compared to strains of T. reesei genetically modified so as to not include the 

P-glucosidase gene (A12 and A36). 

Fig. 5B represents an autoradiograph of a Northern blot of T. reesei RNA illustrating the expression of p-glucosidase 
gene in wild type T. reesei (RL-P37) compared to strains of T. reesei genetically modified so as to not include the 
P-glucosidase gene (A12 and A36). 
45 Fig. 5C represents an analysis of the proteins expressed by P37 (wild type), A12, and A36 strains of Trichorderma 

reesei and illustrates the absence of p-glucosidase in the proteins expressed by A12 and A36 strains Trichoderma 
reesei. 

Fig. 6 represents an autoradiograph of Hind III digested genomic DNA from a T reesei overproducing strain (lane 
9) and transformants of pSASp-Glu (lanes 1-8), blotted and probed with the 700 bp p-Glu probe. 
50 Fig. 7 represents a curve illustrating Avicel hydrolysis using the dosage, substrate:enzyme of 80: 1 from an enriched 

recombinant P-glucosidase composition produced by the present invention. 

Fig. 8 represents a curve illustrating PSC hydrolysis using the dosage, substrate: enzyme of 300:1 from an enriched 
recombinant p-glucosidase composition produced by the present invention. 

Fig. 9 represents a curve illustrating the rate of hydrolysis of a cellulosic diaper derived fibers using an enriched 
55 recombinant p-glucosidase composition produced by the present invention. 

Figs. 10A and 10B are autoradiographs of Aspergillus nidulans , Neurospora crassa , Humicola grisea genomic 
DNA digested with Hind III and Eco Rl, blotted and probed with a DNA fragment containing th bgM gene of 
Trichoderma reesei. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION 

[0028] As used herein, the term "enhanced extracellular p-glucosidase" or "enhanced H"ucosidase" means that at 
east one additional copy of a gene encoding for extracellular p-glucosidase has been introduced into the genome 
0029] The term "altered p-glucosidase" or "altered p-glucosidase gene" means that the am.no acid sequence of the 
expressed protein has been altered by removing, adding, and/or manipulating the nucleic acd sequence of the gene 
or the amino acid sequence of the protein. ,i 0 
[0030] The term "by recombinant means" denotes that a microorganism has been transformed with a DNA molecule 
created in a test-tube by ligating together pieces of DNA that are not normally contiguous. 
[0031] The term "cellulase free of extracellular p-glucosidase" refers to a cellulase compos*™ which does not con- 
tain functional extracellular p-glucosidase enzyme. Such compositions are preferably prepared by cultunng a filamen- 
tous fungi wherein the p-glucosidase gene has been either deleted or disrupted. Preferably, these compos,t.ons are 
prepared by culturing a filamentous fungi wherein the p-glucosidase gene has been deleted. 

[00321 The term "filamentous fungi" means any and all art recognized filamentous fungi. 

[0033] The term "B-glucosidic filamentous fungi" refers to those filamentous fungi which produce a cellulase com- 

55" S^tSSCSw*- -fers to those oligosaccharide groups containing fro. ,2-8 glucose un . ? 
having p-1.4 linkages. Such cellooligosaccharides include cellobiose (diglucose having a p-1.4- linkage) and are pref- 

[OMrto^e ^cSy^e present invention reiates to the isolation and characterization of the bgM gene ^9 
or the extracellular or cell wall bound protein from Trichoderma reesei (sometimes referred to as ; H^ejJ and the 
specific nucleotide and amino acid sequence of this gene. The bgll gene is cloned into plasmid vectors. wh.ch mb e 
further used to produce transformed strains of J. reesei and other filamentous lung, having extra cop.es of the Ml 
gene inserted therein. These transformants are then used to produce cellulase compositions-having increased p-glu- 
25 cosidase activity and thus enhanced cellulolytic degradation. ,....„ 
[0036] Also contemplated by the present invention is the manipulation of the amino acid sequence r the Ml gene 
ttseff Alteration of the active sites on this enzyme may lead to a variety of different changes in catalyt.c convers.on. 
Fofexampte since p-glucosidase has both hydrolase and transferase activity, alteration of the am.no ac«l sequence 
may reslin t e emoval of hydrolase activity and an increase in transferase activity and. thus, facilitate the synthes* 
of 1 1-4 o.igo-dextrins. Moreover, manipulation of the amino acid sequence of p-glucos-dase may 
changesinthesystem.suchasdifferent P Ho^ 

altered affinity (Km) for cellobiose leading to an increased affinity for cellobiose or a decreased affinity for ceHob^ose 
Snc Jin a slower or zero rate of reaction, altered product inhibition profile such that lower or h.gher levels of glucose 

gene in I reesei or a portion thereof can also be labeled and used as a probe to ident.fy and clone out the equ.valent 
bgM gene in other filamentous fungi. ^ ^« fl 7mhn 

[0038] Generally, the present invention involves the isolation of the boll 9ene from I reesei by .den t.fy.ng a 700 bp 
cDNA fragment of the gene which is then used as a probe to identify a single I reese, fragment »nta™^ 
geTwhichwassubsequentlyclone^^ 

of the bgM gene of T. reesei can be employed to identify the bgll gene in other cellu.olyt.c «™«*Z™^ ,S 
understood that the foitowin"g description for T. reesei could also be applied to other p-glusos.d.c filamentous fung. 
JaSST he case of T . reesei. this 6.0 kb fr^nt is "then cloned into a pUC plasmid and a series of mapp-ng 
Sl a^—n, that the entire bgM gene is contained in this fragment. The 
is then determined on both strands and the position of two introns can be confirmed by sequence 
cDNA subclones spanning the intron/exon boundaries. After isolation of the bgll gene. add.t.onal Ml «p« 
are then introduced into T. reesei or other filamentous fungal strains to increase the expression of p-glucos.dase. 
m040] The isolation ofTheM? gene from T. reesei involves the purification of extracellular p-glucos.dasechem.cal 
Zfi^SZSSLm oHhis protein. island determination of the sequence of the proteolytic fragments 
and design of Synth* oligomer DNA probes using the protein sequence. The oligomers probes are then furthe used 
to identify a 700 bp p-glucosidase cDNA fragment which can be labeled and employed to later .dent,fy a fragment that 
contains the entire bgh gene within the fragment from digested genomic DNA from T. reesei. 
OoTl] To identifyffoasible cDNA fragment that can be used as a probe for future analysis total RNA .MeM 
rom i reesei mycelia and polyadenylated RNA isolated therefrom. The polyadeny ated RNA ,s then used to produce 
acDNA-^oTwhich is then amplified using specific oligonucleotide primers that ampl.fy only the specific cDNA fragment 

r^Crel^^SRNA is first isolated from a starting strain of T. reesei. The starting strain employed in 
the present invention can be any T. reesei cellulase overproduction strain that is known in the art. Th.s cellulase pro- 
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during strain is generally developed by ordinary mutagenesis and selection methods known in the art from any T. 
reesei strain. Confirmation that the selected strain overproduces cellulases can be performed by using known analysis 
methods. A preferred strain is RLP37 which is readily accessible. 

[0043] A mycelial inoculum from the T. reesei over production strain, grown in an appropriate growth medium, is 

5 added to a basal medium and incubated for a period of between 50-65 hours at a temperature betw en 25°C to 32°C, 
preferably 30°C. Fresh basal medium can be replaced during this incubation period. The culture m dium is then cen- 
trifuged, and the mycelia is isolated therefrom and washed. The mycelia is then resuspended in a buffer to permit 
growth thereof and 1 mM sophorose (a (J, 1-2 dimer of glucose) is added to the mycelia to induce the production of 
cellulase enzymes. The mycelia preparation is then incubated for an additional time period, preferably 18 hours at 

10 30°C prior to harvesting. 

[0044] Total RNA can be isolated from the mycelia preparation by a variety of methods known in the art, such as 
proteinase K lysis, followed by phenol xhloroform extraction, guanidinium isothiocyanate extraction, followed by cesium 
chloride gradients, guanidine hydrochloride and organic solvent extraction, and the like. It is preferable to isolate total 
RNA via the procedure described by Timberlake et al in "Organization of a Gene Cluster Expressed Specifically in the 

15 Asexual Spores of A. nidulans ," Cell, 26, pp. 29-37 (1981). The mycelia is isolated from the culture medium via filtration. 
Then the RNA is extracted from the mycelia by the addition of an extraction buffer, TE-saturated phenol and chloroform. 
The aqueous phase is removed and the organic phase is reextracted with the extraction buffer alone by heating the 
extraction mixture in a water bath at a temperature between about 60°C to 80°C, preferably 68°C to release the RNA 
trapped in polysomes and at the interface. All of the extracted aqueous phases are then pooled, centrifuged and re- 

20 extracted with phenol-chloroform until there is no longer any protein at the interface. The RNA is further precipitated 
with 0.1 volume of 3 M sodium acetate and 2 volumes of 95% ethanol and pelleted via centrifugation before it is 
resuspended in DEP-water containing an RNase inhibitor. 

[0045] The total RNA is then fractionated on 1% forma Idehyde-agarose gels, blotted to Nytran™ membranes, and 
probed using a fragment of the ]T reesei cbh2 gene to determine whether the genes encoding the enzymes of the 

25 cellulase system in the T. reesei preparation are indeed induced by addition of the sophorose. Basically, the probe 
used in the present invention is derived from a CBH II clone produced by methods known in the art. For more specific 
detail of how the clone was produced see Chen et al, "Nucleotide Sequence and Deduced Primary Structure of Cellobio- 
hydrolase II from Trichoderma reesei ," Bio/Technology , Vol. 5 (March 1987). Site directed mutagenesis was performed 
on the CBH II clone and a Bgl II site was placed at the exact 5' end of the open reading frame and a Nhe I site at the 

30 exact 3' end. The BpJ II and Nhe I restriction fragment containing CBH II coding sequence was further cloned into a 
pUC218 phagemid. The CBH II gene was further cut and gel isolated prior to adding a label. 
[0046] The results of the Northern blot of T. reesei RNA probed with the cbh2 probe indicated that the level of cbh2 
specific mRNA reached a peak at 14-18 hours post induction. From this data it can be inferred that the entire cellulase 
complex including (3-glucosidase is induced at this time. The total RNA from 14, 18 and 22 hours is then pooled. 

35 [0047] After pooling the specific fractions of total RNA, polyadenylated mRNA is further isolated from the total RNA. 
Postranscriptional polyadenylation is a common feature of the biogenesis of most eukaryotic mRNAs. The newly syn- 
thesized mRNAs have long poly(A) tracts which tend to shorten as mRNAs age. The newly synthesized polyadenylated 
mRNA is further isolated from total RNA by methods known in the art. These methods include the use of oligo(dT)- 
cellulose, poly(U) Sepharose, adsorption to and elution from poly(U) filters or nitrocellulose membrane filters, and the 

40 Hke. It is preferable to use oligo(dT) cellulose chromatography in isolating mRNA following the procedure described 
by Sambrook et al, Molecular Cloning, A Laboratory Manual , 2nd Edition, Cold Spring Harbor Laboratory Press (1989). 
More specifically, fractions of total RNA are run through the chromatographic resin, and mRNA is eluted therefrom with 
an elution buffer. The RNA which binds to the column is enriched for RNAs containing poly(A) tails and, therefore, 
eliminates contaminants, such as rRNA and partially degraded mRNAs. It is important that the purification be carried 

45 out successfully such that when cDNA is synthesized from the mRNA, higher yields of mRNA copies and less spurious 
copying of non-messenger RNAs occurs. 

[0048] Total RNA and polyadenylated RNA from the preparations were further fractionated on 1 % formaldehyde gels, 
blotted to Nytran R membranes and analyzed to confirm that the enzymes in the cellulase complex were being induced 
as polyadenylated mRNA. 

50 [0049] After isolating polyadenylated mRNA from total RNA, complementary DNA or cDNA is synthesized therefrom. 
The first strand of cDNA is synthesized using the enzyme RNA-dependent DNA polymerase (reverse transcriptase) 
to catalyze the reaction. Avian reverse transcriptase which is purified from the particles of an avian retrovirus or murine 
reverse transcriptase, which is isolated from a strain of E.coli that expresses a cloned copy of the reverse transcriptase 
gene of the Moloney murine leukemia virus can be used in the present invention. However, it is preferable to use the 

55 Moloney murine leukemia virus (M-MLV) reverse transcriptase to synthesize first strand cDNA from the polyadenylated 
mRNA population. Th amount of cloned M-MLV reverse transcriptase required may vary depending on the amount 
of polyadenylated mRNA used in the synthesis r action. Usually, about 200 U/uJ of the r verse transcriptas is us d 
per 2 to 10 u.g of mRNA per reaction. 
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[0050] Also present in the synthesis mixture is a primer to initiate synthesis of DNA. For cloning of cDNAs. any primer 
can be used, but it is preferable to use oligo(dT) containing 12-18 nucleotides in length, which binds to the poly(A) tract 
at the 3" terminus of eukaryotio cellular mRNA molecules. The primer is added to the react.on mixture in large molar 
excess so that each molecule of mRNA binds several molecules of oligo«JT) 12 . 18 . It is preferable to use about 12.5 ug 
5 of Drimer havinq a concentration of 0.5 mg/ml. 

IsT Besides the enzyme and primer, a buff r and dNTP mix containing dATP. dCTP, dGTP. and dTTP at a final 
concentration of 500 pM each usually completes the reaction cocktail. Any buffer can be used in the presen iinven ,on 
for first strand cDNA synthesis that is compatible with th'is synthesis. It is preferable to use a buffering system wnsist.ng 
of 250 mM Tris-HCI (pH 8.3). 375 mM KCI. 15 mM MgCI 2 . and 50 mM dithiothreitol. Generally, about 500 pi of buffer 
10 completes the synthesis solution. t # „^*u^e 

[00521 After the first strand is synthesized, the second strand of cDNA may be synthesized by a vanety of methods 
known in the art. such as hairpin-primed synthesis by denaturing the cDNArmRNA complex, adding the Kleno* , frag- 
ment of E.coli DNA polymerase or reverse transcriptase, and then digesting the ha.rp.n loopw.th nuclease S I to .obtain 
a doubleliranded cDNA motocule, the Okayama and Berg method, the Gubler and Hoffman met ^ and *e Irt^ 
The Okayama and Berg method uses ^coli RNase H to randomly nick the mRNA. and the RNA ,s replaced ,n the 
nick translation reaction by catalysis with E^coH DNA polymerase I. In the Okayama and Berg method. mRNA ,s used 
to prime DNA synthesis by the E. coli DNA polymerase I. 

[00531 The preferred method to synthesize the second strand of cDNA is a modified method of the Gubler and 
Ean procedure. This procedure uses E^i RNase H. DNA Polymerase I. and DNA Ligase to form the second 
strand. Actually, two different methods of proceeding with the second strand synthesis can be used in the present 
invention The first procedure uses RNase H to attack the RNA:DNA hybrid in a random fash,on. producing nicks in 
rddiSolhosr P rLced by reverse transcriptase. If too many nicks are introduced into the RNA at the 5' end of the 
m Sage before second strand synthesis commences, fragments may be produced that are too short to remain hy- 
brSedfthus. they will not be able to serve as primers. In addition, the 5'-most RNA oligomer which , pnmes second 
strand DNA synthesis will continue to be degraded until only two ribonucleotides remain at the 5 end o Uhe second 
strand DNA. These are substrates for the polymerase I RNase H activity, and the remaining nucleotides will be removed 
ThTs leaves the 3' end of the first strand cDNA single stranded, making it a substrate for the 3' exonuclease activity of 
Polvmerasel The result is a population of cDNAs. which are blunt-ended. 

m0541 An alternative method relies on M-MLV reverse transcriptase to produce nicks 10 to 20 bases from the 5 end 
oHhe RNA in the hybrid. DNA polymerase . is then used for synthesis. Generally, about 500 units at a con^ation 
o 10 U/pl of DNA polymerase I is used. After second, strand synthesis. RNase H is added after removal ofto .DNA 
oolvmerase I to produce a duplex, which is entirely DNA. except for the surviving capped RNA 5 oligonucleotide, 
raora I ?he second-strand synthesis by either procedure set forth above usually takes place in the presence of a 
Suffer and dNTP mix. Any buffering system that is known in the art for second strand cDNA synthesis can be used; 
however, it is preferable to use a buffering system containing 188 mM Tns-HCI. pH 8.3 906 mM KCI. 100 mM 
(NH 4 ) 2 sb 4 . 46 mM MgCI 2 . 37.5 mM dithiothreitol. and 1.5 mM NAD. The dNTP mix preferably conta.ns 10 mM dATP. 

1 0 mM dCTP, 1 0 mM dGTP, and 1 0 mM dTTP. ,. . 

00561 Thesecondstrandsynthesisiscamedoutunderknownpro^^ 

and reagents used to synthesize cDNA in the present invention are the BRL cDNA Synthesis System* (Bethesda 
Research Laboratories, Gaithersburg, Maryland) and the Librarium System (Invitrogen San Diego CA)^ 
[0057] At this point a pool of cDNAs, a small portion of which code for the ball gene, is present a fter jrccond I strand 
yntoesis. Since amplification of only the specific bgh gene fragment in the cDNA poo is crucial for the solat on of 
the p-glucosidase gene, specific primers were designed to amplify the cDNA fragment encoding 
genefn the polymerase chain reaction (PCR). The primers used are degenerate pnmers designed to hybnd,ze to the 
45 cDNA of the ball gene encoding the N-terminus and an internal CNBr fragment. 

00581 to gSU it is difficu.?to isolate the bgh gene because the amino acid sequence of the protein does not 
Ltain sufficient amino acids which are coded for by unique nucleic acid triplets and thus any ohgonuc eot.de u^d 
would be too degenerate to specifically amplify the ball gene in the PCR reaction. However, m th,s '"venfion , prrniers 
were designed oy examining the amino acids of the region targeted for amplification of mature ^^-glucos.dase and 
Choosing regions which will require a reduced degree of degeneracy in the genetic code. Coder, bias <£OBS£ 
various other cellu.ase genes such as cbhl , cbh* egll , and the like was also taken into account when des jmg , he 
oligonucleotide primers. More specifically, codon bias is based on various genes ,n the strain T re?^ which display 
a preferred nucleotide triplet encoding different amino acids. By analyzing this codon bias one can de term.ne ^at a 
particular nucleotide sequence coding for an amino acid would be preferred. For example, the cbhl- f^.^j^ 
g^nesfremT.reeseiprefertheCCUcoding for the amino acid pro.ine.Thus. when '^"^^^^ 
the CUG sequln^would be the preferred choice for leucine, rather than the other tnplets (CUU, CUC. CUA. UUA 

and CUG) which code for leucine. IM . i ,„ n „ 

[0059] Furthermore, after selection of an N-terminal region and an internal region as pnmers for amplification pur- 
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poses, th primers were designed by inserting a non-specific base inosine into the wobble position of the primer for 
the N-t rminus and using a pool of sixteen variable primer sequences for the internal primer. Basically, the creation of 
degenerate primers is described by Compton in "Degenerate Primers For DNA Amplification" and Lee t a! in "cDNA 
Cloning Using Degenerate Primers" in PCR Protocols: A Guide to Methods and Applications, published by Academic 
Pr ss(1990). " 

[0060] Using the primers described above, the cDNA sequences encoding the amino terminal region of the bgil 
gene is then selectively amplified using PCR. The amplification method consists of an initial, denaturing cycle of be- 
tween about 5 to 15 minutes at 95°C, followed by a 1-7 minutes annealing step at a temperature between 35°C and 
55°C and preferably between 45°C and 55°C and a 5-15 minutes polymerization cycle at 65°C. It is preferable, however, 
to use a 10 minute initial denaturing cycle, followed by 2 minutes of annealing at 50°C and a 10 minute, and preferably 
a 30 minute polymerization cycle at the afored escribed temperatures. 

[0061] The amplified fragment is then identified via gel electrophoresis as a 700 bp cDNA segment. The amplified 
pool of cDNAs is then further fractionated on a polyacrylamide gel to obtain a more purified 700 bp cDNA fragment for 
cloning purposes. After elution of the 700 bp fragments from the gel, the 700 bp cDNA fragments are then cloned into 
phagemid vectors. Any cloning vector can be used to clone the cDNA bgM gene fragments, such as pUC18, pUC19, 
pUC118, pUC119, pBR322, pEMBL, pRSA101, pBluescript, and the like. However, it is preferable to use the cloning 
vectors pUC218 and pUC219, which are derived from pUC18 and pUC19 by insertion of the intergenic region of M13. 
The cloning vectors with the cDNA fragments containing the bgh gene are then used to transform E. coli strain JM101 . 
After transformation, positive colonies containing the bgh gene were identified and DNA isolated therefrom using 
chloroform: phenol extraction and ethanol precipitation methods. 

[0062] The nucleotide sequence of the subcloned cDNA 700 bp fragment is then determined by the dideoxy chain 
termination method described by Sanger et at using a Sequenase* reagent kit provided by U.S. Biochemicals. 
[0063] From this nucleotide sequence it was determined that the subcloned 700 bp cDNA segment contained an 
open reading frame encoding 150 amino acids that overlapped a number of other sequenced peptides that were ob- 
tained following CNBr and proteolytic degradation of purified T. reesei p-glucosidase. Thus, it was confirmed that the 
cloned sequences encoded for the extracellular T. reesei P-glucosidase protein. 

[0064] The cloning of the genomic version of the entire p-glucosidase gene was then undertaken by labelling the 
700 bp bgh cDNA fragment with 32 P using the methods to label oligonucleotides described by Sambrook et at, supra . 
This probe is used to identify a 6.0 kb band on a Southern blot of Hind III digested genomic DNA from 7^ reesei . 
[0065] The genomic DNA from T. reesei is prepared for Southern blot analysis by deproteinizing the genomic DNA, 
followed by treatment with ribonuclease A. The prepared genomic DNA is then cut with one of a variety of restriction 
enzymes such as Eco Rl, Hind III and the like, run on a gel, Southern blotted and hybridized with the 700 bp cDNA 
labelled fragment of the bgh gene. From this analysis, it was determined that Hind III was the restriction enzyme of 
choice that can be used to clone the bgh gene. 

[0066] Hind III is then added to genomic DNA from the strain T reesei and DNA is extracted therefrom. A sample 
from this digestion is run on an agarose gel and fractionated electrophoretically. The gel is then Southern blotted and 
probed with the 700 bp cDNA probe. A 6.0 kb band was then identified on the Southern blot of Hind III digested genomic 
DNA. The remaining Hind III digested genomic DNA was then subjected to preparative gel electrophoresis and DNA 
ranging in size from about 5.0 kb to 7.0 kb was eluted therefrom and cloned into a phagemid vector and used to 
transform E.coli JM101 to create a library. Any phagemid vector can be used such as those described above, however 
it is preferable to use pUC218. The colonies that resulted from the transformation were then subjected to colony hy- 
bridization using the 700 bp cDNA fragment as a probe to identify those colonies that contained the cloned genomic 
DNA coding for bgh . The positive colonies from the transformation are then picked and the DNA isolated therefrom 
by methods known in the art. 

[0067] The isolated DNA from such a positive colony is then digested with various restriction enzymes, both singly 
and in various combinations, and subjected to agarose gel electrophoresis. The resultant banding pattern is then used 
to construct a restriction map of the cloned 6.0 kb genomic DNA from T reesei. Enzymes used in the digestion include 
Eco Rl, Sst I, Kpn I, Sma I, Bam HI, Xho 1, BpJ II, Cla I, Xba I, Sal I, Pst I, Sgh I, Hind III, BaJ I, Pyu II and the like. 
[0068] The same gel is then subject to Southern blot analysis using the same 700 bp bgM cDNA as a probe to identify 
which genomic restriction fragments shared homology with the bgll cDNA. Since the position of these homologous 
fragments can be determined relative to the restriction map of the 6.0 kb genomic fragment and also since the size of 
the p-glucosidase protein (74 kd) gives an estimated length of the gene as 2.1 kb (because average molecular weight 
of an amino acid is 105 daltons, a 74 kd protein contains on average 705 amino acids, which in turn is equal to 2,115 
bp), then the mapping experiments confirmed that the entire bgh gene is contained on the genomic Hind III clone. 
[0069] Pyu II and Bal I restriction fragments ranging in size from 600 bp to 1 500 bp hybridized with the 700 bp cDNA 
bgM clone and were thus chosen for subcloning into pUC218 phagemids. The nucleotide sequence was determined 
using the methods of Sanger et al, described above. The Pvu II and Bal I subclones were sequenced and the overlapping 
sequences of the subclones aligned until a single contiguous sequence totaling 3033 bp was obtained within which 
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the nucleotide sequence of the bgll gene was determined on both strands and the position of two small introns was 
inferred by homology to introns of other genes of filamentous fungi. The amino acid sequence is also deduced as set 

[0070] ^heVucleotide sequence and deduced primary amino acid sequence of the entire T. reesei bgll gene is set 
forth in Figure 1. The predicted molecular weight of the encoded P -glucosidase prot ein is 74,341 . A 31 ammo acd 
peptide prec des the mature amino terminus of p-glucosidase as deduced from the amino terminal peptide sequence. 
Within this peptide, there are three potential signal peptidase recognition sites consisting of Ala-X-Ala 
[0071] The primary amino acid sequence of B-glucosidase shows 7 potential N-linked glycosylate sites at posrtions 
208 310 417 and 566. which shows the consensus Asn-X-SeriThr-X where X is not a proline. However, sites at 
Dositions'45 566, and 658 have a proline residue in the consensus sequence and may or may not be glycosylated. 
[00721 No unusual codon bias is observed in the bgll gene when compared to other cellulase genes. The ball coding 
region is interrupted by two short introns of 70 bp and 64 bp, respectively. Both introns have splice site donor, splice 
acceptor, and lariat branch acceptor sites that show homology to the consensus splice signals emerging from T. reesei 

foOT^'sSlhtSene from the J. reesei strain is identified and can be cloned, the next step is to produce a 
transformant that has extra copies of the bgll gene. 

0074] A selectable marker must first be chosen so as to enable detection of the transformed filamentous fungus. 
Different selectable markers may be used including argB from A. nidulans or T reese^ amd§ from A, njd^ 
from Neurospora crassa, A. nidulans or T. reesei, and eyrG from Aspergillus niger. The selectab e marker can be 
S edfrom P agene,whi ch-sp^e7a novel phenotype, such as the ability to uti.ize a metebol.te that is usually not 
metabolized by the filamentous fungi to be transformed or the ability to resist toxic shock effects of a chemical or an 
antibiotic. Also contemplated within the present invention are synthetic gene markers that can be synthesized by -me h- 
ods known in the art. Transformants can then be selected on the basis of the selectable marker introduced therein^ 
Because T. reesei does not contain the amdS gene, it is preferable to use the amdS gene in T reesei as a selecteble 
marker that"eT^odes the enzyme acetamidase. which allows transformant cells to grow on acetam.de as a nrtrogen 
source. In the case where the bgH gene is deleted from T reesei, it is preferable to use the p*rG gene as a selectable 

[0073 The host strain used should be mutants of the filamentous fungi which lack or have a nonfunctional gene or 
genes corresponding to the selectable marker chosen. For example, if the selectable marker of argB. ,s used, then a 
specific arg- mutant strain is used asarecipient in the transformation P^ure. Other examples of selectable markers 
that can bf used in the present invention include the genes trp, fiM. gyrG, trgl . ohC31, Bml, pkiA, rya£ and the 
like. The corresponding recipient strain must, therefore, be a mutant strain such as trp;. &r- \e£- and the like. 
[0076] The mutant strain is derived from a starting host strain, which is any filamentous fungi strain. However it is 
preferable to use a filamentous fungi overproducing mutant strain and particularly, a IregseJ overproducing s torn 
described previously, since this strain secretes high amounts of proteins and. in particular, high amounts of celUiJase 
enzymes. The selected mutant strain is then used in the transformation process. The preferred strain of T reesei for 
use in deleting the bgll gene is RLP37gyrG69, a uridine auxotroph. 

S)077] The mutanlTtrain of the selected filamentous fungi can be prepared by a number of techniques known in the 
art. such as the filtration enrichment technique described by Nevalainen in "Genetic improvement of < 
in industrially important fungal strains", Technical Research Center of Finland, Pubhcations 
nique to obtain the mutant strain is to identify the mutants under different growth medium conditions. For instance, the 
arg- mutants can be identified by using a series of minimal plates supplied by different intermediates in arg.n.ne b^- 
i^thesis. Another example is the production of p*r mutant strains by subjecting the strains to "uoroorotic aciti I (FOA£ 
Strains with an intact eyr4 gene grow in an uridine medium and are sensitive to fluoroorotic acd, and, therefore, it is 
45 possible to select ££4- mutant strains by selecting for FOA resistance. 

[0078] The chosen selectable marker is then cloned into a suitable plasmid. Any plasm.d can be used in the present 
Invention for the cloning of the selectable marker such as pUC18, P BR322. and the like. However, it is preferable to 
use PUC100. The vector is created by digesting pUC100 with the restriction enzyme Smal, and the 5 phosphate groups 
are then removed bydigestion with calf alkaline phosphatase. The fragment vector is then purified by <gel elector* 
50 sis followed by electrocution from the isolated gel slice. The amdS gene from A mdylans is isolated as a 2.4 kb JsJI 
restriction fragment following separation of the vector sequences via known procedures such as ; those ctejcnto^ 
Hynes et al. Mol. Cell. Biol- 3, pp. 1430-1439 (1983). The 2.4 Kb Sstl amdS fragment and the 2.7 Kb pUC100 vector 
fragment are then I igated together, and the ligation mix is then introduced into the ^coj. host strain JM101L 
[0079] Any plasmid can be used in the present invention for the insertion of the bgll gene, but ,t is preferable to use 

[OOB^pSASp-glu is constructed by digesting pSAS with the restriction enzyme Hind III and purifying the linear frag- 
ment via gel electrophoreses and electroelution. Into this Hind III treated pSAS vector fragment is ligated the 1 6.0 Kb 
Hind III fragment of T. reesei genomic DMA that contained all of the coding region of the bgll gene along with th 
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sequences necessary for transcription and translation. Figure 2 illustrates the construction of pSASP-glu. 
[0081] It is also possible to construct vectors that contain at least one additional copy of the bg!1 gene and to construct 
vectors in which the amino acid sequence of bgh gene has been altered by known techniques in the art such as site 
directed mutagenesis, PCR methods, and chemical mutation methods. 

5 [0082] After a suitable vector is constructed, it is used to transform strains of filamentous fungi. Since the permeability 
of the cell wall in filamentous fungi (e.g., T. reesei) is very low, uptake of the desired DNA sequence, gene or gene 
fragment is at best minimal. To overcome this problem, the permeability of the cell wall can be increased or the DNA 
can be directly shot into the cells via a particle gun approach. In the particle gun approach, the DNA to be incorporated 
into the cells is coated onto micron size beads and these beads are literally shot into the cells leaving the DNA therein 

10 and leaving a hole in the cell membrane. The cell then self-repairs the cell membrane leaving the DNA incorporated 
therein. Besides this aforedescribed method, there are a number of methods to increase the permeability of filamentous 
fungi cells walls in the mutant strain (i.e., lacking a functional gene corresponding to the used selectable marker) prior 
to the transformation process. 

[0083] One method involves the addition of alkali or alkaline ions at high concentrations to filamentous fungi ceils. 
15 Any alkali metal or alkaline earth metal ion can be used in the present invention; however, it is preferable to use either 
CaCI 2 or lithium acetate and more preferable to use lithium acetate. The concentration of the alkali or alkaline ions 
may vary depending on the ion used, and usually between 0.05 M to 0.4 M concentrations are used. It is preferable 
to use about a 0.1 M concentration. 

[0084] Another method that can be used to induce cell wall permeability to enhance DNA uptake in filamentous fungi 
20 js to resuspend the cells in a growth medium supplemented with sorbitol and carrier calf thymus DNA. Glass beads 
are then added to the supplemented medium, and the mixture is vortexed at high speed for about 30 seconds. This 
treatment disrupts the cell walls, but may kill many of the cells. 

[0085] Yet another method to prepare filamentous fungi for transformation involves the preparation of protoplasts. 
Fungal mycelium is a source of protoplasts, so that the mycelium can be isolated from the cells. The protoplast prep- 

25 arations are then protected by the presence of an osmotic stabilizer in the suspending medium. These stabilizers 
include sorbitol, mannitol, sodium chloride, magnesium sulfate, and the like. Usually, the concentration of these stabi- 
lizers varies between 0.8 M to 1 .2 M. It is preferable to use about a 1 .2 M solution of sorbitol in the suspension medium. 
[0086] Uptake of the DNA into the host mutant filamentous fungi strain is dependent upon the concentration of calcium 
ion. Generally, between about 10 mM CaCI 2 and 50 mM CaCI 2 is used in an uptake solution. Besides the need for 

30 calcium ions in the uptake solution, other items generally included are a buffering system such as TE buffer (10 mM 
Tris, pH 7.4; 1 mM EDTA) or 10 mM MOPS, pH 6.0 buffer (morpholinepropane-sulfonic acid), and polyethylene glycol 
(PEG). The polyethylene glycol acts to fuse the cell membranes, thus permitting the contents of the mycelium to be 
delivered into the cytoplasm of the filamentous fungi mutant strain and the plasmid DNA is transferred to the nucleus. 
This fusion frequently leaves multiple copies of the plasmid DNA tandemly integrated into the host chromosome. Gen- 

35 erally, a high concentration of PEG is used in the uptake solution. Up to 10 volumes of 25% PEG 4000 can be used 
in the uptake solution. However, it is preferable to add about 4 volumes in the uptake solution. Additives such as 
dimethyl sulfoxide, heparin spermidine, potassium chloride, and the like may also be added to the uptake solution and 
aid in transformation. 

[0087] Usually a suspension containing the filamentous fungi mutant ceils that have been subjected to a permeability 
40 treatment or protoplasts at a density of 10 8 to 10 9 /ml, preferably 2 x 10 8 /ml, are used in transformation. These proto- 
plasts or cells are added to the uptake solution, along with the desired transformant vector containing a selectable 
marker and other genes of interest to form a transformation mixture. 

[0088] The mixture is then incubated at 4°C for a period between 10 to 30 minutes. Additional PEG is then added 
to the uptake solution to further enhance the uptake of the desired gene or DNA sequence. The PEG may be added 

45 in volumes of up to 10 times the volume of the transformation mixture, preferably, about 9 times. After the PEG is 
added, the transformation mixture is then incubated at room temperature before the addition of a sorbitol and CaC^ 
solution. The protoplast suspension is then further added to molten aliquots of a growth medium. This growth medium 
contains no uridine and selectively permits the growth of transformants only. The subsequent colonies were transferred 
and purified on a growth medium depleted of sorbitol. 

so [0089] At this stage, stable transformants can be distinguished from unstable transformants by their faster growth 
rate and the formation of circular colonies with a smooth rather than ragged outline on solid culture medium. Additionally, 
in some cases, a further test of stability can be made by growing the transformants on solid non-selective medium, 
harvesting the spores from this culture medium and determining the percentage of these spores which will subsequently 
germinate and grow on selective medium. 

55 [0090] In order to ensure that the transformation took place by the above-described methods, further analysis is 
performed on the transformants such as Southern blotting and autoradiography. Using the same basic procedures set 
forth above, the entire bgh gene can be deleted from a vector and transformed into filam ntous fungi strains or the 
bgh gene can be altered and transformed into filamentous fungi strains. 
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r00911 After confirmation that the transformed strains contained at least one additional copy of the bgll gene or an 
altered bgll gene, the strains are further cultured under conditions permitting these transformants to propagate. Th 
transforms can then be isolated from the culture media and used in a variety of applications ^^^r^"^^ 
below Alternatively, the transformants can be further fermented and a recomb.nant fungal cellulase compos.t.on can 
be isolated from the culture media. Since, for example, the transformants produced by the present ,nvent,on can xpress 
enhanced or altered extracellular B-glucosidase in the fermentation medium, fungal cellulase composi ions can be 
isolated from the medium. Usually, the isolation procedure involves centrifuging the culture or fermentation medium 
containing the transformants and filtering by ultrafiltration the supernatant to obtain a recomb.nantly produced fungal 
cellulase composition. Optionally, an antimicrobial agent can be further added to the composition pnor to , use . i . he 
variety of applications described below. Examples of microbial agents that can be added are sodium az.de. sodium 

mS^SifS^ that the transformants produced by the process of the present invention had enhanced activity 
on ce obiose. the following experiment was performed. In this experiment 50 mg of cellobiose which was suspended 
in 1 0 ml of phosphate buffer (pH 5.0) and was reacted with the fermentation product produced by the transforman 
65 5 mg/ml protein) using a fermentation product from a normal nonmutantlreesei strain > as a ^control (135.0 mg/ml 
protein) The results of cellobiase activity under conditions of initial rate, are set forth in Table I below: 



Product 


Protein (mg/ml) 


Activity on Cellobiose umole glucose | 


mg protein 


Control 


135.0 


6 


Product produced by the present invention 


65.5 


33 J 



[0093] The results from this experiment indicate that the fermentation product produced by the transformants of the 
present invention has over five times the specific activity on the substrate, cellobiose, compared to a nonmutant T. 

iooSl^Elo^Figures 7 and 8 confirm that hydrolysis is enhanced for the substrates Avicel and PSC (note PSC 
s a phosphoric acid swollen cellulose obtained by treating Avicel with phosphoric acid) us.ng 10% W™'™^ 
he experiment. PSC or Avicel was suspended in 2 mis of 50 mM sodium acetate buffer pH 4.8 .irtin^ 
40° under non-agitated conditions for up to 24 hours. Soluble reducing sugar was measured by the method of Nelson 
and Somogyi. From these figures it is further demonstrated that the enhanced recombinant W u «f^<^^£ 
product produced from transformants according to the present invention, has an increased rate and extent o hydropic 
aSity on the various substrates compared to the standard Cyt-123 control (on average 20% higher activity). The Cyt- 
123 control is the product obtained from a T. reesei cellulase over-production strain subjected to fermentation on an 

loooq ^enriched transformants can be used in a variety of different applications For instance, some B^lucosi- 
dases can be further isolated from the culture medium containing the enhanced transformants and added to grapes 
during wine making to enhance the potential aroma of the finished wine product. Yet another -application can be to use 
6-g ucosidase in froit to enhance the aroma thereof. Alternatively, the isolated recombinant ferment at.on P^uct con- 
taining enhanced |3-glucosidase can be used directly in food additives or wine process.ng to enhance the flavor and 

Smq Since the rate of hydrolysis of cellulosic products is increased by using the transformants having at least one 
additional copy of the bgll gene inserted into the genome, products that contain cellulose or heterog yeans car be 
degraded at a faster ratelnd to a greater extent. Products made from cellulose such as paper, cotton. <*^Z*? 
and the like can be degraded more efficiently in a landfill. Figure 9 illustrates the use of an incre ^ d ^^' d f a ^ 
preparation isolated from the fermentation medium containing transformants having at least one additional copy o the 
Sl genl inserted into the genome compared to a non-enhanced Cyt 123 standard (defined above) on a cellutosjc 
Sper product. This hydrolysis experiment was performed using 0.4 mg of the standard and the fermentetion product 
per 100 mg of substrate (the cellulosic diaper). The experiment was run at 50°C over a P*™*° ir ™ ho ™™'** 
gfucose concentration was measured, in duplicate, at various time intervals. This curve illustrates an '"creased rate 
of hydrolysis for the product produced by the fermentation product derived from the transformant having addit onal 
copTs^ 

in aqueouTTolution. Thus, the fermentation product obtained from the transformants or the transformants alone can 
beused in compositions to help degrade by liquefaction a variety of cellulose products ^^^T^X^ 
[0097] Simultaneous saccharification and fermentation is a process whereby cellulose present " c^ass s con- 
verted to glucose and, at the same time and in the same reactor, yeast strains convert the glucose into thanol. Y ast 
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strains that ar known for use in this type of process include B. clausenii , S. cerevisiae, Cellulolyticus acidothermo- 
philium , C. brassicae, C. lustinaniae , S. uvarum , Schtzosaccharomyces pombe and the like. Ethanol from this process 
can be further us d as an octane enhancer or directly as a fuel in lieu of gasoline which is advantageous because 
ethanol as a fuel source is more environmentally friendly than petroleum derived products. It is known that the use of 
5 ethanol will improve air quality and possibly reduce local ozone levels and smog. Moreover, utilization of ethanol in 
lieu of gasolin can be of strategic importance in buffering the impact of sudden shifts in non-renewabl energy and 
petro-chemical supplies. 

[0098] Ethanol can be produced via saccharification and fermentation processes from cellulosic biomass such as 
trees, herbaceous plants, municipal solid waste and agricultural and forestry residues. However, one major problem 

10 encountered in this process is the lack of P-glucosidase in the system to convert cellobiose to glucose. It is known that 
cellobiose acts as an inhibitor of cellobiohydrolases and endoglucanases and thereby reduces the rate of hydrolysis 
for the entire cellulase system. Therefore, the use of increased p-glucosidase activity to quickly convert cellobiose into 
glucose would greatly enhance the production of ethanol. To illustrate this point, cytolase 123 and the fermentation 
product produced by the transformants (normalized to cytolase on a total protein basis) according to the present in- 

15 vention under fermentation conditions were compared for their ability to hydrolyze crude paper fractions composed of 
50-60% cellulosics from a fiber fraction (RDF) of municipal solid waste (MSW). Such suspensions were in 50 mM 
sodium acetate buffer, pH 4.8 to 5.0, and equilibrated at 30°C. The flasks were then dosed with 4% Saccharomyces 
cerevisiae and sampled periodically to 80 hours. The ethanol production yield was then measured. The following Table 
II illustrates that increased ethanol production is possible using the increased p-glucosidase preparation from the 

20 present invention using municipal solid waste preparations as the cellulosic source. 



TABLE II 



Dosage 


Grams/Liter Ethanol 


mg protein gram cellulose 


Cytolase 123 


High p-Glu Prep 


10 


2.1 


5.0 


20 


5.3 


7.2 ! 


30 


6.9 


8.8 


40 


8.0 


9.3 


50 


8.5 


9.3 


60 


8.5 


9.3 



[0099] From Table II it can be clearly seen that the enhance p-glucosidase preparation prepared according to the 
35 present invention enhances the production of ethanol compared to a cytolase 123 control, especially at the lower 
protein concentrations. 

[0100] The detergent compositions of this invention may employ, besides the cellulase composition, a surfactant, 
including anionic, nonionic and ampholytic surfactants, a hydrolase, building agents, bleaching agents, bluing agents 
and fluorescent dyes, caking inhibitors, solubilizers, cationic surfactants and the like. All of these components are 

40 known in the detergent art. For a more thorough discussion, see U.S. Application Serial No. 07/593,919 entitled TVh 
choderma reesei Containing Deleted Cellulase Genes and Detergent Compositions Containing Cellulases Derived 
Therefrom", and U.S. Serial No. 07/770,049, filed October4, 1991 and entitled Trichoderma reesei Containing Deleted 
and/or enriched Cellulase and other enzyme Genes and Cellulase Compositions Derived Therefrom" both of which 
are incorporated herein by reference in their entirety. 

45 [0101] The detergent compositions contain enhanced levels of p-glucosidase or altered p-glucosidase. In this regard, 
it really depends upon the type of product one desires to use in detergent compositions to give the appropriate effects. 
[0102] Preferably the cellulase compositions are employed from about 0.00005 weight percent to about 5 weight 
percent relative to the total detergent composition. More preferably, the cellulase compositions are employed from 
about 0.01 weight percent to about 5 weight percent relative to the total detergent composition and even more prefer- 

50 ably, from about 0.05 to about 2 weight percent relative to the total detergent composition. 

[0103] Moreover, the present invention also contemplates the use of the p-glucosidase nucleotide sequence of T. 
reesei to design various probes for the identification of the extracellular p-glucosidase gene in other filamentous fungi. 
In this regard, the entire nucleotide sequence of the bgjl gene can be used or a portion thereof to identify and clone 
out the equivalent genes from other filamentous fungi. The sources of filamentous fungi include those fungi from the 

55 genus Trichoderma , Aspergillus , Neurospora , Humicola , Penicillium and the like. More particularly, the preferred spe- 
cies include Trichoderma reesei , Trichoderma viridae , Aspergillus niger , Aspergillus oryzae , Neurospora crassa , Hu: 
micola qrisea , Humicola insolens , Penicillium pinophilum , Penicillium oxalicum , Aspergillus phoenicis , Trichoderma 
koningii and the like. Due to the species homology of the bajl gene, filamentous fungi equivalent genes are easily 
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identified and cloned. Indicative of this are Figures 10A and 10B which illustrate autoradiograph of A.nidulans and t± 
crassa (Figure 10A) and H. grisea (Figure 10B) DNA digested with Hind III and Eco Rl and further were blotted and 
pTobed with a P32 labeled Hind III 6.0 kb ban DNA fragment containing the bgll gene of T reesejjhese autoradio- 
^ptecleariyillustratethat^^ 

VnO*T ThusThe Ml 9ene of other filamentous fungi may be cloned by the methods outlined above using the F»32 
labelled T. reesei boll gene as a probe. Once the genes of other filamentous fungi are cloned, they can be used to 
transform^the~fila"mentous fungi from which the gene was derived or other filamentous fungi to overproduce p-glucos.- 
dase bv the methods described above. 
10 [0105] In order to further illustrate the present invention and advantages thereof, the following specific examples are 
given, it being understood that the same are intended only as illustrative and in nowise limitative. 

Example 1 

is Isolation of Total RNA from Trichoderma reesei 

r0106l A Trichoderma reesei culture which over produces cellulases was specifically induced for cellulase using 
Lhorose,ap,1-2diglucoiide'as described by Gritzali. 1977. The starting strain of Trichoderma reesei is a cellulase 
over-production strain (RL-P37) developed by mutagenesis by the methods described by She,r-Ne,ss G w Mon- 
tenecourt B.S., Appf Microbiol. Biotechnol. . Vol. 20 (1984) pp. 46-53. A mycelial inoculum of I reese^ from growth 
on potato dextro'sfigar (Difco), was added into 50 ml of Trichoderma basal medium containing 1^40 grams/liter 
<NH 4 WS0 4 , 2.0 grams/liter KH 2 P0 4 . 0.30 grams/liter MgS0 4 , 0.30 grams/liter urea, 7.50 grams/liter BactoPep one 
5 0 m T/mer. 10% Tween - 80, 1 .0 ml/liter trace elements-EFG, pH 5.4. which was filtered through a 0.2 micron filter n 
a 250 ml baffled flask. This culture was incubated at 30«C for 48 hours with vigorous aeration. F.ve milliliter aliquots 
were taken from the culture and added to 25 ml of fresh basal medium in seven 250 ml flasks. These were subsequently 
arown for 24 hours at 30°C. All cultures were centrifuged in a benchtop clinical centrifuge at 2400 x g for 10 minutes, 
^mycelial pellets were washed three times in 50 mis of 17 mM KHP0 4 buffer (pH 6.0). Lastly, the mycelia were 
suspended in six flasks containing 50 ml of 17 mM KHP0 4 buffer with the addition of 1 mM sophorose and a control 
flask centailg no sophorose. The flasks were incubated for 18 hours at 30°C prior to harvesting by filtration through 
ScbthlcSochem). The excess medium was then squeezed out and the mycelial mat was placed directly into 
liquid nitrogen and may be stored at -70°C for up to one month. The frozen hyphae were then ground ,n an electnc 
See grinder that was prechilled with a few chips of dry ice until a fine powder was obtained. The >P°^» <£> 
added to about 20 ml of an extraction buffer containing 9.6 grams of p-aminosal.cylic acid dissolved in 80 ml of DEP- 
treated water 1 .6 grams of triisopropylnaphthalene sulfonic acid dissolved in 80 ml of DEP-treated water 24.2 grams 
SS+SmJ 6 grams NaCI. 19.09 grams EDTA, which was diluted to 200 ml total volume with DEP-treated water and 
the pH was adjusted to 8.5 with NaOH. After addition of the extraction buffer, 0.5 volumes of TE-saturated phenol I was 
also added thereto, and the extraction mixture was placed on ice. One quarter volume of chloroform was then added 
to the extraction mixture, and the mixture was shaken for two minutes. The phases were then separated by ^centrrfu- 
gation at 2500 rpm. The aqueous phase was removed and placed in a centrifuge tube, which contained a few drops 
of phenol in the bottom of said tube. The tube was placed on ice. The organic phase was then reextracted «'th 2 0 ml 
of extraction buffer and placed in a 68»C water bath for 5 minutes to release the RNA trapped in polysomes and at the 
interface of the extraction mixture. The extracted mixture was then centrifuged. and the aqueous phase removed and 

SSS tL^^S?^. ^n extracted with phenol-chloroform (1:1 v/v) for 4 to 5 times until there 
45 was no longer any protein seen visually at the interface. Then 0.1 volume of 3 M sodium acetate, pH 5 2 (made with 
DEP water and autoclaved) and 2.5 volumes of 95% was added to the organic extracts, anc ^^acts were frozen 
at -20°C for 2 to 3 hours. Alternatively, the RNA was precipitated using 2 M lithium acetate. The RNA was then pelteted 
by centrifugation at 12,000 rpm for 20 minutes. The pelleted RNA was then resuspended in DEP-water with an RNase 
inhibitor to a final concentration of 1 unit per »xl. To determine whether the genes encoding the enzymes were being 
so induced, total RNA was analyzed. 

Analysis of Total RNA Preparation 

[0108] To confirm whether the genes encoding the enzymes of the cellulase complex were being induced, total RNA 
55 was analyzed by Northern blotting as described by Sambrook et al, supra using a P3* fragment of the T^eese, c^ 
Tene as a probe The cbh2 clone was isolated using the methods described by Chen et a. in "^^^ 
and Deduced Primary impure of Cellobio-hydrolase II from Trichoderma reesei". Biotechnology , Vol. 5 (March 1987). 
incorporated herein by reference. Site directed mutagenesis (Sambrook et al., supra) was performed on thecbh2 clone 
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and a BgJ II site was placed at the exact 5' end of the opening reading frame and an Nhe I site at the exact 3' nd. The 
Bgl ll/Nhe I coding sequence was then cloned into a pUC218 phagemid. For use as a probe, the cbh2 fragment was 
digested with BgJ ll /Nhe I and isolated by gel electrophoresis. The results indicated that the level of cbh2 specific mRNA 
reached a peak at 14-18 hours post induction. The total RNA from 14, 18 and 22 hours was then pooled. 

5 

Example 2 

Purification of Polyadenylated mRNA j 

10 [0109] mRNA was then isolated from the pooled fraction of total RNA set forth above using oligo (dT) cellulose 
chromatography. Oligo(dT) cellulose (type 3 from Collaborative Research, Lexington, MA) is first equilibrated with Oligo 
(dT) binding buffer containing 0.01 M Tris-HCI, pH 7.5, 0.5 M NaCI, and 1 mM EDTA, then aliquots of 25-300 mg were 
added to 1.5 ml microfuge tubes. RNA dissolved in 1 ml of binding buffer was added and allowed to bind for 15 min. 
with gentle shaking. The suspensions were centrifuged at 1500 g for 3-5 min., washed 3-5 times with 1 ml of binding 

15 buffer, and then washed 3 times with 400 u.l of elution buffer containing 0.01 M Tris-HCI, pH 7.5, and 1 mM EDTA. The 
eluates were pooled, readjusted to 0.5 M NaCI, rebound, and reeluted with three washes of elution buffer. The final 
three elution buffer washes were pooled and mRNA was recovered by ethanol precipitation. 

Analysis of Total RNA and polyadenylated mRNA 

20 

[0110] Total RNA and the polyadenylated RNA were fractionated on 1% forma Idehyde-agarose gels using 10 ug of 
RNA for each lane, blotted to Nytran R membranes and analyzed by the Northern blot method described by Thomas 
in "Hybridization of denatured RNA and Small DNA fragments transferred to Nitrocellulose", Proc. Natl. Acad. Sci. 
USA, Vol. 77 (1980), pp. 5201-5205. 

25 [01 1 1] Briefly, this procedure involves denaturing RNA (up to 10 ug/8 \i\ reaction) by incubation in 1 M glyoxal/50% 
(vol/vol) Me 2 SO/10 mM sodium phosphate buffer, pH 7.0 at 50°C for 1 hr. The reaction mixture was cooled on ice and 
2 fxl of sample buffer containing 50% (vol/vol) glycerol, 10 mM sodium phosphate buffer at 7.0 and bromophenol blue 
was added. The samples were electro-phoresed on horizontal 1% formaldehyde-agarose gels in 10 mM phosphate 
buffer, pH 7.0 at 90 v for 6 hours. 

30 [0112] The glyoxylated RNA was transferred from agarose gels to nitrocellulose by using 3 M NaCI/0.3 M trisodium 
citrate (20X NaCI/cit). After electrophoresis, the gel was placed over two sheets of Whatman 3 MM paper which was 
saturated with 20X NaCI/cit. Nitran R membrane was wetted with water, equilibrated with 20X NaCI/cit and laid over the 
gel. The gel was then covered with two sheets of Whatman 3 MM paper and a 5 to 7 cm layer of paper towels, a glass 
plate and a weight. Transfer of the RNA was completed in 12-15 hours. The blots were then dried under a lamp and 

35 baked in a vacuum for over 2 hrs. at 80°C. 

[01 1 3] The membranes were probed with a cbh2 probe to verify that the polyadenylated mRNA pool contained cbh2 
mRNA and by inference the genes encoding the enzymes of the cellulase complex were indeed induced. 

Example 3 

40 

Synthesis of cDNA 

A. First Strand Synthesis 

45 [0114] Synthesis of cDNA was performed using the BRL cDNA Synthesis System R (Bethesda Research Laborato- 
ries, Md.) according to the instructions of the manufacturer. To a sterile, DEPC-treated tube in ice was added 10 ul of 
5X First Strand Buffer containing 250 mM Tris-HCI, pH 8.3, 375 mM KCI, 15 mM MgCI 2 , 50 mM DTT, 2.5 u.l 10 mM 
dNJP Mix (10 mM dATP, 10 mM dCTP, 10 mM dGTP, 10 mM dTTP), 5 ul Oligo (dT) 12 . 18 (0.5) mg/ml), 10 ul of mRNA 
at 0.5 mg/ml and 20 uJ diethylpirocarbmate(DEPC)-treated water to create a final composition containing 50 mM 

50 Tris-HCI (pH 8.3), 75 mM KCI, 3 mM MgCI 2 . 10 mM dithiothreitol, 500 uM each dATP, dCTP, dGTP and dTTP, 50 ug/ 
ml Oligo (dT) 12 . 1Q , 100 ug/ml polyadenylated RNA and 10,000 U/ml cloned M-MLV reverse transcriptase. A control run 
was also run simultaneously using 10 uJ of a 2.3 kb control RNA (0.5 mg/ml) in lieu of the mRNA. 
[0115] The reaction was initiated by adding 2.5 u.l of Molony murine leukemia virus (M-MLV) reverse transcriptase 
(100 Units/uJ) to the mRNA tube and the control RNA. The samples were mixed. All reaction tubes were incubated at 

55 37°C for one hour and then placed on ice. 

[0116] A small aliquot from the reaction mixture was run on a gel to confirm its presence and quantity. The yield 
obtained was about 2-6 ug. 
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B. Second Strand Synthesis 

[0117] To the control tube on ice after first strand synthesis was added 230.6 ul DEPC-treated water 6 pi 10 mM 
dNTP mix 32 ul 10X second strand buffer containing 188 mM Tris-HCI, pH 8.3, 906 mM KCI. 100 mM (NH 4 ) 2 S0 4 , 46 

a mM MgCI 2 . 37^ mM dithiothreitol, 1.5 mM NAD. 8 "I E. coli DNA Polymerase I (10 p/pl). 1.4 pi E. coji RNase H and 
1 ulE coliDNA lipase (100 units). „ . 

[0118] ~To the first strand synthesis of the sample was added on ice 289.5 ul of DEPC-treated water, 7.5 ul 10 mM 
dNTP mix 40 ul 10X second strand buffer. 10 pi E. coli DNA Polymerase 1. 1.75 pi E coli RNaseH and 1.25 1 coji 
DNA ligase to create a final composition containing 25 mM Tris-HCI (pH 8.3). 100 mM KCI. 10 mM (NH 4 ) 2 S0 4 , 5 mM 

10 MgCI, 250 pM each dATP. dCTP, dGTP, dTTP, 0.15 mM NAD. 5 mM Dithiothreitol. 250 U/ml DNA Polymerase I. 8.5 
U/ml RNase H, and 30 U/ml DNA Ligase. Both the control tube and the sample tube were vortexed gently and incubated 
for 2 hours at 16°C After incubation, both tubes were placed on ice. 

101191 The sample tube was then extracted with 415 pi of phenol and ethanol precipitated. The pellet was dissolved 
in 200 ul of sterile TE buffer (1 0 mM Tris-HCI pH 7.5. 1 mM Na 2 EDTA) and reprecipitated from 7.5 M ammonium acetate 

[0?20? a An aliquot of the sample was further analyzed by gel electrophoresis to check for purity. The yield of the 

Kw7 Thrrema^i^control sample was further extracted with phenol and ethanol precipitated as described above 
or the sample. After dissolving the pellet in 200 pi of sterile TE buffer, reprecipitating the sample from ammonium 
20 acetate with ethanol, and redissolving the dry pellet in 20 pi of sterile TE buffer, 2 pi of the solution was then further 
analyzed by gel electrophoresis to check for purity. 

Example 4 

25 Amplification of boll cDNA Sequences 

r01221 Amplification of the cDNA fragments encoding a portion of the T reesei B-glucosidase gene, fegjl. was per- 
formed using the polymerase chain reaction (PCR) method with Tag" polymerase and a Perk.n Elmer Cetus Thermal 

30 Wlttf ' The reaction mixture was formed by mixing 76 pi deionized water. 10 pi of a 10X mixture of buffer containing 
• 66 mM (NH 4 ), S0 4 . 670 mM Tris-HCI, pH 8.8, 67 mM MgCI 2 , 67 pm EDTA. 10 mM B-merca Ptoethanol 1 0 pi - dime th- 
vlsulfoxide and 1.7 mg/ml BSA diluted to a total volume of 1.0 ml with deionized water. 8 pi of 2 dNTPs (each). 1 pi 5 
oligonucleotide primer. 1 pi 3' internal oligonucleotide primer. 1.0 pg cDNA diluted in 3 pi deionized water, and 1 pg 

35 roiMr l5 The r amplification method consists of an initial denaturing cycle at 95°C for 10 minutes, followed by a two 
minute annealing step at 50°C and a 10 minute polymerization cycle at 65°C, for an additional 30 cycles. 

A. Oligonucleotide Primers 

[01251 The oligonucleotide primers used to amplify the cDNA fragment encoding the T. reesei bgjl gene were de- 
signed based on the degeneracy of the genetic code for the selected amino acids for an N term.nal region of the bgll 
gene and an internal oligonucleotide. The 5' oligonucleotide primer consisted of the sequence: 

5» GCI GTI CCT CCT GCI GG 3 f 

SaS" T^Xnal 3' oligonucleotide primer consisted of a pool of 16 x 21 oligonucleotides. This pool was based 
on various derivations of the following sequences: 

5' GTT G/ATT ICC G/ATT G/AAA G/ATC TGT 3' 

Example 5 

Subcloninq of PCR Generated Fragments 

[0127] Ninety ul of each reaction mix was fractionated on 4% polyacrylamide gels in 1X TBE. the major band was 
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excised and elut d from the gel slice as described by Sambrook et al, supra . The eluted DNA fragment was precipitated 
in ethanol and resuspended in 15 \i\ of TE buffer (10 mM Tris, 1 mM EDTA). Each 1-2 \ig DNA fragment was then 
treated with 0.5 mM ATP and T 4 polynucleotide kinase to phosphorylate the 5* end of each fragment following by the 
procedures of Sambrook et al, supra . Blunt ends were generated by adding 3 \i\ of 10X T 4 polymerase buffer (330 mM 
5 Tris-acetate at pH 7.9, 660 mM potassium acetate, 100 mM magnesium acetate, 1 ul of 2.5 mM dNTPS, 1 \i\ of T 4 
DNA polymerase and 5 ul of distilled water). The blunt-end reaction mixture was then incubated at 37° for 60 minut s. 
The reaction was stopped by addition of EDTA to a final concentration of 1 mM EDTA and the sample was further 
heated for 10 minutes at 65°C. | 

10128] The blunt-end DNA fragments were then ligated with Sma l cleaved and dephosphorylated pUC218 which 
10 had been infected with M13X07 as described by Sambrook et al, supra . The cloning vectors pUC218 and pUC219 
were derived from pUC118 and pUC119 by insertion of the Bgl II, Cla I and Xho I polylinker as described by Korman 
et al in "Cloning, Characterization, and expression of two a-amylase genes from Aspergillus niger var. awamori ", Cur- 
rent Genetics, Vol. 17, pp. 203-212, (1990). 

{0129] The aforedescribed phagemid was then used to transform E. coli strain JM101 as described by Yarnisch et 
15 al in "Improved M1 3 phage cloning vectors and host strains: nucleotide sequence of the M13mp18 and pUC 19 Vectors", 
Gene, Vol. 1197, pp. 103-119 (1985). 

Example 6 

20 Isolation of cDNA Subcloned Fragment 

[01 30] The transformed strain was inoculated in 1 .5 ml of 2YT broth in a tube which had been previously inoculated 
with 15 U.I of saturated E. coli JM 101. The culture was grown for 8 hours under shaking at 37°C. 
[0131] The culture mixture was then spun at 6000 rpm for 5 minutes, and the supernatant was poured off into another 
25 tube. To the supernatant 300 ul of 2.5 M NaCI, 20% PEG was added, and the solution was mixed. The mixture was 
then incubated at room temperature for 15 minutes. 

[0132] The solution was then spun for 5 minutes in a microfuge, and the supernatant was aspirated off. The solution 
was vortexed once again, and the supernatant was further aspirated off. 

[0133] 100 u.l of equilibrated phenol was added to the tube, and the tube was vortexed. 100 uJ of chloroform was 
30 added, and once again the tube was vortexed. The tube was heated at 55°C for 5 minutes, mixed, and microfuged an 
additional 5 minutes. 

[0134] 160 u.l of the supernatant was then pipetted off and transferred to a clear tube. 20 u.l of 1N NaOAC, pH 4.5, 
and 400 \i\ of 95% ETOH were added to the supernatant, and the solution was mixed and frozen on dry ice for 5 
minutes. The tube was then spun for an additional 15 minutes, and the supernatant was aspirated off. 
35 [0135] 1000 ul of 70% ethanol was added to the tube, and the tube was spun for an additional 2 minutes and rea- 
spirated. The mixture was spun once more under vacuum for 4 minutes, and the pellet was resuspended in 15 ul TE 
buffer. 

Example 7 

40 

Determination of the Nucleotide Sequence of 700 bp cDNA fragment 

[01 36] The nucleotide sequence of the 700 bp cDNA fragment was determined using the dideoxy DNA sequencing 
method described by Sanger et al, "DNA Sequencing with chain terminating inhibitors", Proc. Natl. Acad. Sci. U.S.A. , 
45 Vol. 74 (1977), p. 5463, using the Sequenase* reagent kit (U.S. Biochemicals). 

Example 8 

Analysis of bg!1 gene 

50 

A. Sequence Analysis 

[0137] Nucleotide sequencing was done by the dideoxy chain termination method of Sanger et al (1977) using the 
Sequenase R reagent kit (U.S. Biochemicals). 

55 

B. Amino Acid Sequencing 

[01 38] A 2.5-nmol sample of the reduced and carboxymethylated (3-glucosidase preparation purified (per Chirico and 
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Brown, European Journal of Biochem., Vol. 165, pp. 333 et seq.) was subjected to N-terminal sequencing on a propri- 

[Omr^Xo^lucosidase. Endo-Lys C protease was added to 1% of the total protein and the mixture 
Incubated for 1 hour at 37°C or the protein sample was subject to cyanogen bromide treatment. An equal volume of 
5 HPLC solution A (0.05% TEA/0.05% TFA in water) was added to stop the reaction. The resulting CNBr and Endows 
C fragments were separated by chromatography on a Brownlee C-4 column using a .near grad.ent of 0-100% HPLC 
solution B (0.05% TEA/0.05% TFA in n-propanol) at a fate of 1% per minute. Several peaks were collected for ammo 
acid sequencing and the data are denoted in Fig. 1 . 

10 Example 9 

Identification of bq!1 gene from T. reesei 

o 

101401 The700bpbgl1 cDNAfragmentwasthenlabelledwith *2 P using methods described *Sam br ?*. rta !'§u£r£ 

0 41 Genomic DMMtamT. reesei 

freezing the mycelia obtainedtomlhe culture medium. The frozen mycelia were then ground into a Hne powder and 
22 mis of TE and 4 mis of 20% SDS were added to the powdered mycelia and mixed. 10 ml of phenol and chloroform 
was added to the mixture prior to centrifugation and removal of the aqueous phase. 200 ^l of 5 mg/ml proteinase K 
was added to the organic extract, and the mixture was incubated for 20 minutes at 55°C. The DNA was then further 
^ctdbymethodsknown in the art using chloroform/phenol extraction fo^^^ 

DNA was then treated with 1 ug of heated ribonuclease A (100°C for 15 minutes) per 20 ug of genom.c DNA in TE 
f^ttSSLum. Km cooled to room temperature. The genomic DNA from T reesj was then * £ngly 
or in combination with a variety of restriction enzymes such as Eco Rl. Hind III and the hke Southern blotted and 
Lridized with the p3* labelled 700 bp cDNA fragment of the bgll gene as a probe. From th.s analys.s ,t was determ.ned 
25 that Hind III was the restriction enzyme of choice used to locate the p-glucosidase gene. 

014^ 10 to 20 units of Hind III per milligram of genomic DNA was added to the DNA and then the DNA was extracted 
with phenol-chloroform to"rlm"ove protein. The treated DNA was then alcohol precipitation and resuspended to 2 grams/ 

!oT4^" U | f s e a r mples from the Hind III digestion of genomic DNA were loaded on a 1% agarose gel and fractionated 
electrophoretically The gel waslhTn Southern blotted and probed with the P" 700 bp cDNA probe. A 6.0 kb band 
was identified on the Southern blot of Hind III digested genomic DNA from T reeseL . m _ . 

Toi44] The remaining Hind ... genomic DNA was then subjected to a preparative ge. ^^T^g^ 
ranging from 5 kb to 7 kb were then electrocuted from the agarose gel and cloned ,nto Hmd III digested PU^ie^The 
resulting plasmids were used to transform E. coli JM101 to create a library. Then the library was screened by colony 
h^So^TsTng P32 labelled 700 bp bglfcDNA as a probe to identify those colonies containing DNA cod.ng for the 

^iiirThe positive colonies from the transformation were then picked and the DNA isolated therefrom by phenol: 
chloroform extraction and ethanol precipitation, described by Sambrook et al supr§. _ mhina , innQ wit h the 

[0146] The isolated DNA from the positive colonies was digested both singly and .n various ~rnb.nat.ons wtth the 
ol tow ng restriction enzymes: Hind I.., Eco Rl, Sst 1, Kpjn I, Bam HI, Xho 1, Bgl II, CJa I, Xbji | Sji I Pj* ^ ! I, §£ 

1 and Pvu II. The digestions ^subjected to agarose gel electrophoresis, and the resultant Ending pattern was 
used to ^struct a restriction map of the cloned 6.0 kb genomic DNA. The same agarose ge. was Sort** jotted 
and probed with the P" labelled 700 bp bgjl cDNA to identify which genomic restnct,on fragments sham I homotogy 
withthe boll cDNA The mapping experiments confirmed that the entire bgll gene .s contained on the genomic HjQd 
Ml cloneS f, and Bal I resfiction fragments which ranged in size from 600 bp to 1500 bp hybridized w,th he 700 bp 
DNA bgll^one an^were chosen for subcloning into pUC218 phagemid. After cloning these fragments .nto the 
phagemid the Pvu II and Bal I subclones were then sequenced using the dideoxy chain termination method of Sanger 
et a?0977 • M then dlTennined from this sequencing that the overlapping sequences of ^ 

with a single contiguous sequence totaling 3033 bp within which the nucleotide sequence was determ.ned on both 
so strands. 

Example 10 

Construction of pSASp-glu 

[0147] The starting vector for the construction of pSASp-glu was the plasmid pSAS. pSAS was constructed in the 
ollowLg way. pUClOO (a commercially available plasmid vector) was digested with the restnct,on enzyme gaj and 
Se sThosphate groups Subsequently removed by digestion with calf intestinal alkaline phosphatase. The linear v ctor 
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fragment was purified from undigested vector and protein by agarose gel electrophoresis followed by isolation of the 
linear vector DNA from the isolated gel slice by electroelution. The amdS gene was isolated as a 2.4 kb Sstl restriction 
fragment following separation from the vector sequences (contained in - Hynes, M.J., Corrick, CM., and King, JA, 
"Isolation of genomic clones containing the amdS gene of Aspergillus nidulans and their use in the analysis of structural 
5 and regulatory mutations", MoL Cell. Biol. , Vol. 3 (1983), pp. 1430-1439). The 2.4 kb Sstl amdS fragment and the 2.7 
kb pUC100 vector fragment were then ligated together (Sambrook et al., supra ) and the ligation mix transformed and 
propagated in the E. colj host strain, JM101. 

[0148] pSAS|3-glu was constructed by digesting pSAS with the restriction enzyme Hind III, and purifying the linear 
fragment as described above. Into this Hind III treated pSAS vector fragment was ligated a 6.0 kb Hind III fragment of 
10 T reesei genomic DNA that contained all of the coding region of the bg!1 gene along with sequences necessary for 
the genes transcription and translation. 

Example 11 

15 Preparation of BGL1 Deletion Vector 

[0149] The gene replacement vector pUCAfi-Glu A/R pyr, illustrated in Figure 3B, was constructed by cloning a 6.0 
kb genomic Hindi II fragment, known to contain the entire bg!1 gene, into the polylinker of pUC2 18 which had been cut 
with Hindlli and the ends dephosphorylated with calf intestinal alkaline phosphatase. The coding region for the bg!1 

20 gene was then removed from this plasmid by digesting the plasmid with Apa l and EcoRV at unique Apa l and EcoRV 
restriction sites situated at the very 5' and 3' end of the bgh open reading frame and isolating the linear plasmid DNA. 
The restriction site ends were made blunt with T4 DNA polymerase. This plasmid was then ligated with an isolated 
2412 bp Hind Ill /Bam HI restriction fragment containing the pyrG gene from Asperaillus niger (Hartingsreldt et al., Mol. 
Gen. Genet. 206:71-75 (1987) in which the restriction ends were made blunt by treatment with T4 DNA polymerase 

25 to create pUCAPGIu A/R pyr (Fig. 3B). 

Example 12 

Isolation of Protoplasts 

30 

[0150] Mycelium was obtained by inoculating 100 ml of YEG (0.5% yeast extract, 2% glucose) in a 500 ml flask with 
about 5x10 7 T. reesei cells. The flask was then incubated at 37°C with shaking for about 16 hours. The mycelium was 
harvested by centrifugation at 2,750 x g. The harvested mycelium were further washed in 1.2 M sorbitol solution and 
resuspended in 40 ml of Novozym R , which is the tradename for a multi-component enzyme system containing 1,3-al- 

35 pha-glucanase, 1,3-beta-glucanase, laminarinase, xylanase, chitinase and protease from Novo Biolabs, Danbury, Ct, 
solution containing 5 mg/ml Novozym R 234; 5 mg/ml MgS0 4 -7H 2 0; 0.5 mg/ml bovine serum albumin; 1.2 M sorbitol. 
The protoplasts were removed from cellular debris by filtration through Miracloth (Calbiochem Corp.) and collected by 
centrifugation at 2,000 x g. The protoplasts were washed three times in 1.2 M sorbitol and once in 1.2 M sorbitol, 50 
mM CaCI 2 , centrifuged and resuspended. The protoplasts were finally resuspended at a density of 2 x 10 8 protoplasts 

40 per ml of 1 .2 M sorbitol, 50 mM CaC^. 

Example 13 

Transformation of Fungal Protoplasts with pSASfl-glu 

45 ' ' ~" ~ *~ 

[0151] 200 uJ of the protoplast suspension prepared in Example 12 was added to 20 uJ (20 ng) of pSASP-glu in TE 
buffer (10 mM Tris, pH 7.4; 1 mM EDTA) and 50 u.l of a polyethylene glycol (PEG) solution containing 25% PEG 4000, 
0.6 M KCI and 50 mM CaCI 2 . This mixture was incubated on ice for 20 minutes. After this incubation period 2.0 ml of 
the above-identified PEG solution was added thereto, the solution was further mixed and incubated at room temperature 

50 for 5 minutes. After this second incubation, 4.0 ml of a solution containing 1 .2 M sorbitol and 50 mM CaCI 2 was added 
thereto and this solution was further mixed. The protoplast solution was then immediately added to molten aliquofs of 
Vogels Medium N (3 grams sodium citrate, 5 grams KH 2 P0 4 , 2 grams NH 4 N0 3 , 0.2 grams MgS0 4 7H 2 0, 0.1 gram 
CaCI 2 -2H 2 0, 5 ug oc-biotin, 5 mg citric acid, 5 mg ZnS0 4 -7H 2 0, 1 mg Fe(NH 4 ) 2 -6H 2 0, 0.25 mg CuS0 4 -5H 2 0, 50 *ig 
MnS0 4 -4H containing an additional 1% glucose, 1.2 M sorbitol and 1% agarose. The protoplast/medium mixture was 

55 then poured onto a solid medium containing the same Vogel's medium as stated above containing in addition acetamide 
as a nitrogen source. Since T. reesei does not contain a functional equivalent to the amdS gene only transformants 
will grow on this medium. These colonies were subsequently transferred and purified on a solid Vogel's medium N 
containing as an additive, 1% glucose. The bgl1 gene inserted transformant strain is called A83pSAS(JGIu. 
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[0152] Stable transformants can be distinguished from unstable transformants by their faster growth rate and the 
formation of circular colonies with a smooth rather than ragged outline on solid culture medium. Additionally, in some 
cases a further test of stability can be made by growing the transformants on solid non-selective medium, harvesting 
the spores from this culture medium and determining the percentage of these spores which will subsequently germinate 
and grow on selectiv medium. 

[0153] Figur 6 is an autoradiograph of a Southern blot using the P 32 labelled 700 bp fragment as a probe, of the 
different transformants with enhanced copies of the bgll gene (lanes 1-8) using genomic T. reesei from an overpro- 
ducing strain digested with Hind III as a control (lane 9). This autoradiograph clearly shows that the transformants 
contained enhanced amount of the bgll gene compared with the control. 

[0154] Figure 4 is an autoradiograph of a Northern blot of RNA isolated from one of the transformed strains (lane A) 
produced by the present invention following induction with soporose illustrating a corresponding increase in the levels 
of ball message when compared to the parental strain of T reesei (lane B). 

[0155] Besides visual analysis of the transformants, quantitative analysis was also completed by cutting the appro- 
priate bands out of the Nytran* membrane and counting the radioactive label present therein in a scintillation counter. 
This experiment was performed to obtain a more precise estimate of the relative amounts of message as shown in 
Table III below: 

TABLE III 



CPM 


Parental Trichoderma reesei strain 


Transformed Trichoderma reesei strain | 


CPM P-glu message 


14.4 


25.4 


CPM CBHII 


227.1 


95.2 


CPM (3-glu/CBHII 


0.0634 


0.2668 J 



[0156] Table III illustrates that the transformant produced by the process of the present invention has extra p-glu- 
cosidase mRNA and hence an increase in p-glucosidase enzyme resulting in an increase in specific activity. 

Example 14 

Transformation of Fungal Protoplasts with pUCApGlu A/R 2Yl4 

[01 57] Mutants of T reesei lacking the coding sequence for the extracellular p-glucosidase gene, bgll, were obtained 
by a targeted gene replacement event. pUCApGlu A/R eyr4 plasmid was digested with Hind III to obtain a linear Hindlll 
fragment in which the bgll coding sequences were replaced with the 2yrG gene from Aspergillus niger. Protoplasts 
were transformed with the linear DNA fragment containing the bgll flanking sequences and the eyr4 by the methods 
of Examples 12 and 13. The deletion transformants were called A12 and A36. After transformation, the protoplast 
solution was then added to molten aliquots of Vogel's Medium N containing an additional 1% glucose, 1.2 M sorbitol 
and 1% agarose. The protoplast/mdium mixture was then pourred into a solid medium containing the same Vogel's 
medium N No uridine was present in the medium and therefore only transformed colonies were able to grow as a 
result of complementation of the pyrf mutation of the T reesei strain RL-P37 by the wild type &r± gene inserted in 
the DNA fragment. Stable transformants were then selected by the method recited in Example 13. 

Example 15 

Analysis of the Transformants 

[01 58] The transformants were analyzed for the presence or absence of the bgll gene using the 700 bp cDNA probe 
recited above The transformants were digested using Hindlll. Total genomic DNA from selected transformants was 
digested with Hindlll restriction enzyme, run on a 1% agarose gel, transferred to Nitron* membrane and probed with 
a P32 labelled 700 bp cDNA rectied above and visualized by autoradiography on X-ray film. The results of this analysis 
are set forth in Figure 5A illustrate that the transformants (A12 and A36) did not contain a band corresponding to the 
bgll gene whereas the wild type strain (RL-P37, i.e., P-37) did. 

[0159] mRNA isolated from the transformants of Example 14 and analyzed on a Northern blot, as in Example 2. As 
indicated in Figure 5B, Northern blot analysis using the P* 2 labelled 2.2 Kb Apal/EcoRV bgll probe indicated that bgll 
specific mRNA was present in T resei RL-P37 pyrG69 and is absent in the transformants A12 and A36. 
[0160] Protein was recovered as per Example 8 above and then analyzed for the presence of p-glucosidase by use 
of polyclonal antibodies (from rabbits challenged with pure p-glucosidase) tagged with horseradish peroxidase to permit 
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detection. The antibodies were used to identify pure fJ-glucosidase ( 1 00 ng - Column A; 1 000 ng - Column B); cellulase 
produced from wild type T. reesei (Column C); and from cellulase produced by a T. reesei strain genetically engineered 
to delete the p-glucoidase gene (Column D). The results of this analysis are set forth in Figure 5C and show that only 
Column D did not contain (J-glucosidase. 
5 [0161] While the invention has been described in terms of various preferred embodiments, the skilled artisan will 
appreciate that various modifications, substitutions, omissions, and changes may be made without departing from the 
scope thereof. Accordingly, it is intended that the scope of the present invention be limited solely by the scope of the 
following claims, including equivalents thereof. | 

10 

Claims 

1. A process for modifying the expression of extracellular (J-glucosidase in a filamentous fungus comprising trans- 
forming said fungus with an expression vector containing a fungal DNA sequence which: 

(a) is capable of enhancing the expression of extracellular |}-glucosidase through the presence of at least one 
additional copy of a fungal p-glucosidase gene; or, 

(b) encodes an altered extracellular p-glucosidase i.e. an enzyme having an amino acid sequence which has 
been altered with respect to that encoded by the bgll gene derived from Trichoderma reesei by manipulating 

20 said bgll DNA sequence. 

2. A process for enhancing the expression of extracellular p-glucosidase according to claim 1(a), wherein said ex- 
pression vector comprises all of a coding region of a fungal p-glucosidase gene and sequences necessary for the 
p-glucosidase gene's transcription and translation. 

25 

3. The process according to claim 1 or claim 2, wherein said filamentous fungus is selected from the genus of Tri- 
choderma, Aspergillus , Neurospora , Humicola and Penicillium. 

4. The process according to claim 3, wherein said filamentous fungus is Trichoderma reesei, Trichoderma viridae, 
30 Trichoderma koningii , Aspergillus niger , Aspergillus nidulans, Aspergillus wentii, Aspergillus oryzae , Aspergillus 

phoenicis , Neurospora crassa , Humicola grisea, Penicillium pinophilum or Penicillium oxalicum . 

5. The process according to any one of the preceding claims, wherein said p-glucosidase gene is a bgll gene derived 
from Trichoderma reesei. 

35 

6. The process according to claim 5, wherein said bgM gene comprises the amino acids encoded by the nucleotide 
sequence from 311 to 2679 of Figure 1. 

7. The process according to any one of the preceding claims, further comprising the step of isolating transformants 
40 having modified p-glucosidase expression. 

8. The process according to claim 7, further comprising the steps of: 

(a) culturing said transformants under conditions to permit growth of said transformants; and 
45 (b) isolating a recombinant fungal cellulase composition produced from said transformants. 

9. The process according to claim 8, wherein said recombinant fungal cellulase composition is isolated by: 

(a) centrifuging said culture medium containing said transformants to form a supernatant and a pellet; and 
so (b) filtering said supernatant to obtain a recombinant fungal cellulase composition. 

10. The process according to claim 9, wherein an antimicrobial agent is added to said recombinant fungal cellulase 
composition after filtration. 

55 11. The process according to any one of claims 8 to 1 0, further comprising the step of purifying an expression product 
from said isolated recombinant fungal cellulase composition. 

12. A fungal cellulase composition derived from a filamentous fungus comprising a recombinant altered xtrac llular 
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p-glucosidase produced by the process of any one of claims 8 to 10 only to the extent that they are dependent on 
claim 1(b). 

1 3 A method of producing glucose from cellulosics or hetero-glycans. comprising use of a recombinant fungal cellulase 
' composition having enhanced p-glucosidase activity produced by the process of any one of claims 8 to 10 only to 

the extent that they are dependent on claim 1(a). ! 

14 A method of degrading the cellulosics present in feedstock, biomass or sludge comprising use of a recombinant 

* fungal cellulase composition having enhanced p-glucosidase activity produced by the process of any one of cla.ms 
8 to 10 only to the extent that they are dependent on claim 1(a). 

15 A method for degrading cellulose to glucose comprising use of a recombinant fungal cellulase composition having 
' enhanced p-glucosidase activity produced by the process of any one of claims 8 to 10 only to the extent that they 

are dependent on claim 1(a). 

16 A method of using the recombinant fungal cellulase composition having enhanced p-glucosidase ^activity produced 
bv the process of any one of claims 8 to 1 0 only to the extent that they are dependent on claim 1(a). or purified p- 
glucosidase produced from the process according to claim 12 in food additives to enhance the flavour and aroma. 

17 A detergent composition comprising a cleaning effective amount of a surfactant and at least 0.0001 weight percent 

* of a recombinant fungal cellulase composition having enhanced p-glucosidase activity produced by the process 
of any one of claims 8 to 10 only to the extent that they are dependent on claim 1(a). 

18 A method of using the cellulase composition having enhanced p-glucosidase activity produced by the process of 
' anv one of claims 8 to 10 only to the extent that they are dependent on claim 1(a). wherein said method compnses 

adding said recombinant fungal cellulase composition to yeast and biomass to form a mixture and cultunng sa.d 
mixture at a sufficient temperature and for a sufficient period of time to produce ethanol. 

19. Transformants produced by the process according to claim 7 only to the extent to which it is dependent on claim 
1(a). 

20 A method of using transformants having enhanced extracellular p-glucosidase activity of claim 1 9 only to the extent 
" to which it is dependent on claim 1(a), said method comprising adding said transformants to yeast and biomass 

to form a mixture and culturing said mixture at a sufficient temperature and for a sufficient period of time to produce 
ethanol. 

21 The method according to claim 18 or claim 20, wherein said yeast is B, clausenii, S. cerevisiae. Celluloyticus 
acidothermophilium C. brassicae. C. lustinaniae , S. uvarum or Schi z osaccharomyces pornbg. 

22. A nucleotide sequence of a bgj1 gene which entire sequence or a portion is or is not labelled for use as a probe 
wherein the bgll gene has the nucleotide sequence of Figure 1 . 

23. A method of using a probe comprising a nucleotide sequence according to claim 22, for identifying a p-glucosidase 
gene from a filamentous fungus. 

24. The method according to claim 23 wherein said probe is derived from Trichoderma reesei. 

25. The method according to claim 23 or claim 24 wherein one or more probes can be used to identify said p-glucosi- 
dase gene from a filamentous fungus. 



Patentanspruche 



1 Verfahren zur Modifizierung der Expression von extrazellularer p-Glucosidase in einem filamentosen Pilz, umfas- 
send das Transformieren des Pilzes mit einem Expressionsvektor, enthaltend eine Pilz-DNA-Sequenz, welche: 

(a) fahig zur Erhohung der Expression von extrazellularer p-Glucosidase durch die Gegenwart mindestens 
einer zusatzlichen Kopie eines Pilz-p-Glucosidase-Gens ist; oder 
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(b) eine veranderte extrazellulare p-Glucosidasecodiert, d.h. ein Enzym mit einer Aminosaures quenz, welche 
in Bezug auf diejenige, codiert vom bgh -Gen, abgeleitet aus Trichoderma reesei, durch Manipulieren der 
bgl1 -DNA-Sequenz verandert wurde 

2. Verfahren zur Erhdhung der Expression von extrazellularer p-Glucosidase gemaB Anspruch 1(a), wobei der Ex- 
pressionsvektor die gesamte codierende Region eines Pilz-fi-Glucosidase-Gens und fur die Transkription und 
Translation des 0-Glucosidase-Gens notwendige Sequenzen umfasst. 

3. Verfahren nach Anspruch 1 oder Anspruch 2, wobei der filamentose Pilz gewahlt ist aus der Gattung Trichoderma, 
Aspergillus, Neurospora , Humicola und Penicillium. 

4. Verfahren nach Anspruch 3, wobei es sich bei dem filamentosen Pilz handelt urn Trichoderma reesei , Trichoderma 
viridae, Trichoderma koningii, Aspergillus niger, Aspergillus nidulans, Aspergillus wentii, Aspergillus oryzae, As- 
pergillus phoenicis Neurospora crassa, Humicola grisea, Penicillium pinophilum oder Penicillium oxalicum. 

5. Verfahren gemaB mindestens einem der vorstehenden Anspruche, wobei das 0-Glucosidase-Gen ein bgl1 -Gen, 
abgeleitet aus Trichoderma reesei, ist. 

6. Verfahren gemaB Anspruch 5, wobei das bg!1 -Gen die von der Nukleotidsequenz von Figur 1 von 311 bis 2679 
codierten Aminosauren umfasst. 

7. Verfahren gemaB mindestens einem der vorstehenden Anspruche, ferner umfassend den Schritt des Isolierens 
von Transformanten mit modifizierter p-Glucosidase-Expression. 

8. Verfahren gemaB Anspruch 7, ferner umfassend die Schritte: 

(a) Kultivieren der Transformanten unter Bedingungen, urn das Wachstum der Transformanten zu gestatten; 
und 

(b) Isolieren einer rekombinanten Pilz-Cellulase-Zusammensetzung, hergestellt aus den Transformanten. 

9. Verfahren gemaB Anspruch 8, wobei die rekombinante Pilz-Cellulase-Zusammensetzung isoliert wird durch: 

(a) Zentrifugieren des Kulturmediums, enthaltend die Transformanten, urn einen Oberstand und ein Pellet zu 
bilden; und 

(b) Filtrieren des Oberstands, wodurch man eine rekombinante Pilz-Cellulase-Zusammensetzung erhalt. 

10. Verfahren gemaB Anspruch 9, wobei nach der Filtration ein antimikrobielles Mittel zu der rekombinanten Pilz-Cel- 
lulase-Zusammensetzung gegeben wird. 

11. Verfahren gemaB mindestens einem der Anspruche 8 bis 10, ferner umfassend den Schritt des Reinigens eines 
Expressionsprodukts aus der isolierten rekombinanten Pilz-Cellulase-Zusammensetzung. 

12. Pilz-Cellulase-Zusammensetzung, abgeleitet aus einem filamentosen Pilz, umfassend eine rekombinante veran- 
derte extrazellulare p-Glucosidase, hergestellt durch das Verfahren von mindestens einem der Anspruche 8 bis 
10 nur zu dem AusmaB, in welchem sie abhangig von Anspruch 1(b) sind. 

13. Verfahren zur Herstellung von Glucose aus Cellulose-Arten oder Heteroglykanen, umfassend die Verwendung 
einer rekombinanten Pilz-Cellulase-Zusammensetzung mit erhohter p-Glucosidase-Aktivitat, hergestellt durch das 
Verfahren von mindestens einem der Anspruche 8 bis 10, nurzu dem AusmaB, in dem sie abhangig von Anspruch 
1(a) sind. 

14. Verfahren zum Abbau von Cellulose-Arten, vorhanden in Einsatzmaterial, Biomasse oder Bodensatz-Schlamm, 
umfassend die Verwendung einer rekombinanten Pilz-Cellulase-Zusammensetzung mit erhohter (J-Glucosidase- 
Aktivitat, hergestellt durch das Verfahren von mindestens einem der Anspruche 8 bis 10, nur zu dem AusmaB, in 
dem sie abhangig von Anspruch 1(a) sind. 

15. Verfahren zum Abbau von Cellulose zu Glucose, umfassend die Verwendung einer rekombinant nPilz-C Hulas - 
Zusammensetzung mit erhohter p-Glucosidase-Aktivitat, hergestellt durch das Verfahren von mindestens einem 
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der Anspriiche 8 bis 10, nur zu dem AusmaB, in dem sie abhangig von Anspruch 1(a) sind. 

16 Verfahren zur Verwendung der rekombinanten Pilz-Cellulase-Zusammensetzung mit erhohter B-Glucosidas -Ak- 
' tivitat hergestellt durch das Verfahren von mindestens einem der Anspriiche 8 bis 10. nur zu dem AusmaB. in 
dem sie abhangig von Anspruch 1(a) sind, Oder gereinigter p-Glucosidase, hergestellt aus dem V rfahr n nach 
Anspruch 12, in Nahrungsmittelzusatzen, um Geschmack und Aroma zu verstarken. 

17. Reinigungsmittelzusammensetzung, umfassend iinen reinigungswirksamen Gehalt eines Tensids und minde- 
stens 0 0001 Gew.-% einer rekombinanten Pilz-Cellulase-Zusammensetzung mit erhohter ^Glucosidase-Aktivi- 
tat, hergestellt durch das Verfahren von mindestens einem der Anspriiche 8 bis 10, nur zu dem AusmaB, in dem 
sie abhangig von Anspruch 1(a) sind. 

18 Verfahren zur Verwendung der Cellulase-Zusammensetzung mit erhdhter B-Glucosidase-Aktivitat hergestellt 
' durch das Verfahren von mindestens einem der Anspriiche 8 bis 10, nur zu dem AusmaB. daB sie abhang,g von 
Anspruch 1(a) sind. wobei das Verfahren das Zugeben der rekombinanten Pilz-Cellulase-Zusammensetzung zu 
Hefe und Biomasse unter Bildung einer Mischung und das Kultivieren der Mischung bei einer ausre.chenden Tem- 
peratur und wahrend einer ausreichenden Zeitdauer umfaBt. um Ethanol herzustellen. 

19. Transformanten. hergestellt durch das Verfahren gemaB Anspruch 7 nur zu dem AusmaB, zu dem es abhangig 
20 von Anspruch 1(a) ist. 

20. Verfahren zur Verwendung von Transformanten. welche ernohte extrazellulare l" 3 """ 8 ^ 

von Anspruch 19. nur zu dem AusmaB. zu dem es abhangig von Anspruch 1(a) ist, wobe, das Verfahren das 
Zugeben der Transformanten zu Hefe und Biomasse unter Bildung einer Mischung und das Kulbvieren der 
schung bei einer ausreichenden Temperatur und wahrend einer ausreichenden Zeitdauer umfaBt. um Ethanol 
herzustellen. 

21 Verfahren gemaB Anspruch 18 oder Anspruch 20. wobei die Hefe B, clausenii, S, cerevisiae , Celluloyticus acido; 
thermophilium , C. brassicae, C. lustinaniae, S. uvarum oder Schizosaccharomyces pombe ist. 

22 Nukleotidsequenz eines bgh-Gens, wobei die gesamte Sequenz oder ein Teil markiert ist oder nicht. zur Verwen- 
' dung als eine Sonde, wobei das bgll-Gen die Nukleotidsequenz von Figur 1 aufweist. 

23. Verfahren zur Verwendung einer Sonde, umfassend eine Nukleotidsequenz nach Anspruch 22, zum Identifizieren 
35 eines B-Glucosidase-Gens aus einem filamentosen Pilz. 

24. Verfahren nach Anspruch 23, wobei die Sonde aus Trichoderma reesei abgeleitet ist. 

25. Verfahren nach Anspruch 23 oder Anspruch 24. wobei eine oder mehrere Sonden verwendet werden konnen. um 
40 das B-Glucosidase-Gen aus einem filamentosen Pilz zu identifizieren. 

Revendications 

45 1 Procede pour modifier ('expression de la (3-glucosidase extracellulaire dans un champignon fila menteux ^compre- 
nant la transformation dudit champignon a I'aide d'un vecteur ^expression contenant une sequence d ADN fon- 
gique qui : 

(a) est capable d'ameliorer ('expression de la (3-glucosidase par la presence d'au moins une copie supplemen- 
50 taire d'un gene de la p-glucosidase fongique ; ou 

(b) code une B-glucosidase extracellulaire modifiee, c'est-a-dire une enzyme possedant une sequence d ac. ; 
des amines qui a ete modifiee, par rapport a celle qui est codee par le gene bflh derive de Trichoderma reese., 
par manipulation de ladite sequence d'ADN de bflll . 

55 2 Procede pour ameliorer 1'expression de la p-glucosidase extracellulaire selon la revendication 1(a), dans ; lequel 
' ledit vecteur d'expression comprend la totalite d'une region codante d'un gene de (J-glucos.dase fong.que et les 
sequences necessaires pour la transcription et la traduction du gene de la p-glucosidase. 
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3. Procede selon la revendication 1 ou la revendication 2, dans lequel (edit champignon filamenteux est selectionne 
parmi les genres Trichoderma, Aspergillus , Neurospora , Humicola et Penicillium . 

4. Procede selon la revendication 3, dans lequel ledit champignon filamenteux est Trichoderma reesei, Trichoderma 
5 viridae , Trichoderma koningii , Aspergillus niger , Aspergillus nidulans, Aspergillus wentii, Aspergillus oryzae , As- 
pergillus phoenicis , Neurospora crassa, Humicola grisea , Penicillium pinophilum ou Penicillium oxalicum . 

5. Procede selon Tune quelconque des revendications precedentes, dans lequel ledit gene de la p-glucosidase est 
un gene bg!1 derive de Trichoderma reesei. 

10 

6. Procede selon la revendication 5, dans lequel ledit gene bg!1 comprend les acides amines codes par la sequence 
nucleotidique allant de 311 a 2.679 dans la Figure 1. 

7. Procede selon Tune quelconque des revendications precedentes, comprenant, en outre, I'etape qui consiste a 
15 isoler les transfonmants qui expriment la p-glucosidase modifiee. 

8. Procede selon la revendication 7, comprenant, en outre, les etapes qui consistent a : 

(a) cultiver lesdits transformants dans des conditions permettant leur croissance ; et 
20 (b) isoler une composition de cellulase fongique recombinante produite par lesdits transformants. 

9. Procede selon la revendication 8, dans lequel on isole ladite composition de cellulase fongique recombinante en : 

(a) centrifugeant ledit milieu de culture contenant lesdits transformants de maniere a former un surnageant et 
25 un culot ; et 

(b) filtrant ledit surnageant de maniere a obtenir une composition de cellulase fongique recombinante. 

10. Procede selon la revendication 9, dans lequel on ajoute un agent antimicrobien a ladite composition de cellulase 
fongique recombinante apres la filtration. 

30 

11. Procede selon Tune quelconque des revendications 8 a 10, comprenant, en outre, I'etape qui consiste a purifier 
un produit d'expression de ladite composition de cellulase fongique recombinante isolee. 

12. Composition de cellulase fongique derivee d'un champignon filamenteux, comprenant une p-glucosidase extra- 
35 celiulaire modifiee recombinante produite par le procede selon i'une quelconque des revendications 8 a 10 seu- 

lement dans la mesure ou elles sont dependantes de la revendication 1(b). 

13. Procede pour produire du glucose a partir de derives de cellulose ou d'heteroglycans, comprenant I'utilisation 
d'une composition de cellulase fongique recombinante possedant une activite p-glucosidase accrue produite par 

40 le procede selon Tune quelconque des revendications 8 a 1 0 seulement dans la mesure ou elles sont dependantes 

de la revendication 1(a). 

14. Procede pour degrader les derives de cellulose presents dans les produits de base, la biomasse ou les boues, 
comprenant ('utilisation d'une composition de cellulase fongique recombinante possedant une activite p-glucosi- 

<5 dase accrue produite par le procede selon I'une quelconque des revendications 8 a 10 seulement dans la mesure 

ou elles sont dependantes de la revendication 1(a). 

15. Procede pour degrader la cellulose en glucose, comprenant ('utilisation d'une composition de cellulase fongique 
recombinante possedant une activite p-glucosidase accrue produite par le procede selon I'une quelconque des 

so revendications 8 a 10 seulement dans la mesure ou elles sont dependantes de la revendication 1(a). 

16. Procede pour utiliser la composition de cellulase fongique recombinante possedant une activite p-glucosidase 
accrue produite par le procede selon I'une quelconque des revendications 8 a 10 seulement dans la mesure ou 
elles sont dependantes de la revendication 1(a), ou une p-glucosidase purifiee produite a partir du procede selon 

55 la revendication 12, dans des adjuvants alimentaires pour renforcer la saveur et les aromes. 

17. Composition detergente comprenant une quantite, efficace pour le nettoyage, de tensioactif et au moins 0,0001 
pour cent en poids d'une composition de cellulase fongique recombinante possedant une activite p-glucosidase 
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accrue produite par le procede selon Tune quelconque des revendicatlons 8 a 10 seulement dans la mesure ou 
elles sont d6pendantes de la revendication 1(a). 

18 Procede pour utiliser la composition de cellulase possSdant une activity p-glucosidase accrue produite par le 
procede selon I'une quelconque des revendications 8 a 10 seulement dans la mesure ou elles sont dSpendantes 
de la revendication 1(a), dans lequel ledit procede comprend les Stapes consistant * ajouter ladite composition 
de cellulase fongique recombinante a de la levure et de la biomasse afin de former un melange, et & cultiver ledit 
melange & une temperature suffisante et pendant une pSriode de temps suffisamment longue pour produire de 
rtthanol. 

19. Transformants produits par le procede selon la revendication 7 seulement dans la mesure ou elle est d6pendante 
de la revendication 1(a). 

20 Procede pour utiliser les transformants poss6dant une activity p-glucosidase extracellulaire accrue selon la re- 
' vendication 19 seulement dans la mesure ou elle est dependante de la revendication 1(a), ledit procede compre- 

nant les stapes consistant k ajouter lesdits transformants A de la levure et de la biomasse afin de former un 
melange, et * cultiver ledit melange d une temperature suffisante et pendant une p6riode de temps suffisamment 
longue pour produire de P6thanol. 

21 Precede selon la revendication 18 ou la revendication 20, dans lequel ladite levure est B. clausenii, S. cerevisiae, 
Cellulo vticus acidothermophilium , C. brassicae, C. lustinaniae, S. uvarum ou Schizosaccha romyces pombe. 

22 Sequence nucleotidique d'un gene bflll dont la sequence en entier, ou une portion de celle-ci, est ou rrest pas 
' marquee en vue d'etre utilisee en tant que sonde, dans laquelle le gene bgM possede la sequence nucleotidique 

25 de la Figure 1. 

23. M6thode d'utilisation d'une sonde comprenant une sequence nucleotidique selon la revendication 22 en vue d'iden- 
tifier un g§ne de la p-glucosidase d'un champignon filamenteux. 

30 24. M6thode selon la revendication 23, dans laquelle ladite sonde est d6rivee de Trichoderma reesei. 

25. M6thode selon la revendication 23 ou la revendication 24, dans laquelle on peut utiliser une ou plusieurs sonde 
(s) pour identifier ledit g£ne de la p-glucosidase d'un champignon filamenteux. 

35 
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FIG. 1 



TOGOCACAGA GOGAOSCTIC OCOCTAOOOC TVOCVCCU3Z AAATCATOQC 0CAO3Q0CIC 60 

AAATCCTAAA TCTO0G TC IO GCTMGAGTG CAAOGATOOG A3TTGGCCOC AATOCTGOCE 120 

ACC003AGTC ' mClUCA AC GTCATOCN3G AGATTP30GC TTCCOCAAGA OOGAGTIGAC 180 

GGOGAGAGTC OCAA CTO0IT OCTTCAGTAA OGOCAOOCTG GCACACTA2A TAACTKTTOG 240 

ACAAGACTCT GCTTTCTTGA GT l fi ' lU. ' IA COWTICTTCA OOWGftOCAT 1CICTIC ABC 300 

OCAATCAGAA ATC CCT TAC CGA ACA GCA OCT GCG CTC GCA CTT GOC ACT 349 
Met Arg Tyr Arg Sir Ala Ala Ala Leu Ala Leu Ala Thr 
15 10 

GOG COC TIT OCT AOS GCA GAC ACT CA CTMAGCTGG TOCAXACTOG 395 
Cly Pro Rie Ala Arg Ala Asp Ser His 
15 20 
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FIG. 1 (Con't.) 

CAICTCATAT CTMCCTOGA GACAOCATCC TCACTCITCA AICAAGGTAC C TCA *A 452 

ire 033 OOC TOG OCT GAG OCA CTT CIA OCT OCT OCA GOG ACT CCA TOG 500 
S Cly Ala Ser Ala Glu Ala Val Val Pro Pro Ala Cly Thr Pro Trp 



692 



740 



30 35 40 

GGA ACC GCG TAC GAC AAG COG AAG OCC OCA TTC OCA AAG C1C AW CTC 548 
Cly Thr Ala Tyr Asp Lys Ala Lys Ala Ala Leu Ala Lys leu Asn Leu 
* 45 50 

CAA GAT AAC OTC OOC ATC CTC AOC GOT GTC GOC TOG AAC O0C OCT OCT 596 
Si Asp Lys Val Cly lie Val Ser Cly Val Cly ftp Asn Cly Cly Pro 
60 

TOC CTT 0GA AAC ACA TCT COS OCC TCC AAG ATC AGC TAT OCA TOG CTA 644 
SvalC^AsnTnrSerProAlaSerl^lleSerTyrProSerLeu 

75 80 85 

TGC CTT CAA GAC OGA OCC CTC OCT CTT CGA TAC TOG ACA GGC ADC ACA 
Cvs Leu Gin Asp Cly Pro Leu Gly Val Aro, Tyr Ser Thr Cly Ser Thr 
1 90 95 100 

fTC TIT AOG CCG OC3C GTT CAA GOG OOC TOG AOG TOG GAT GTC AAT TTC 
S Phe Thr Pro Gly Val Gin Ala Ala Ser Thr Ttp Asp Val Asn leu 
Jot 110 US 120 

A3C OOC CAA OCT OGA CAG TTC ATC OCT GAG GAG CTG AAG GOC TOG GOG 788 
l5 Aru Glu Arg Gly Gin Phe He Cly Glu Glu Val Lys Ala Ser Gly 
125 130 135 

ATT CAT GTC ATA CTT OCT OCT GTC OCT GOG CCG CTC GGA AAG ACT COG 836 

He His val He Leu Gly Pro Val Ala Gly Pro leu Gly Lys Thr Pro 
140 145 150 

CAG GGC COT OOC AAC TOG GAG CGC TTC OCT OTC GAT CCA TAT CTC AOG 884 
Cln Cly Cly Arg Asn Trp Glu Gly Phe Gly Val Asp Pro Tyr Leu Thr 
X55 160 1*5 

GGC ATT GOC ATG OCT CAA AOC ATC AAC GGC ATC CAG TOG GTA GOC GTC 932 
Glv lie Ala Met Gly Gin Thr He Asn Gly lie Gin Ser Val Gly Val 
1 170 175 180 

CAG COG ACA OCC AAG CAC TAT ATC CTC AAC GAG CAG GAG CTC AAT CGA 980 
cm Ala Thr Ala Lys His Tyr He Leu Asn Glu Gin Glu Leu Asn Arg 
185 190 195 200 

GAA AOC ATT TOG AGC AAC CCA GAT GAC CGA ACT CTC CAT GAG CTC TAT 1028 

GmThrlleSerSerAsnPrtjA^AspArgThrLeuh^GluLeuTyr 
205 210 215 
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FIG. 1 (Con't.) 



ACTTOG<»TITGaC(y£a£<7IT 1076 
Thr Trp Pro Fte Ala Asp Ala Val Glh Ala Asn Val Ala Ser Val Met 

220 225 230 

f 

TOC ICS TfC AAC AAG GIC AAT AX AOC TOG O0C TOC GAG GAT CAG TAC 1124 
Cys Ser Tyr Asn Lyo Val Asn Thr Thr Trp Ala Cys Glu Asp Gin Tyr 
235 240 245 

AOS CIC CAG ACT GIG CTC AAA GAC GAG CIG GOG TIC OCA GQC TAT GIC 1172 
Thr Leu Gin Thr Val Leu Lys Asp Gin Leu Gly Fhe Pro Gly Tyr Val 
250 255 260 

ATO AOG GAC TOG AAC GCA OC QC AOG ACT GIC GAA AOC GX AAT TCT 1220 
Met Thr Asp Trp Asn Ala Gin His Thr Thr Val Gin Ser Ala Asn Ser 
265 270 275 280 

GOG CTT GAC AIG TCA ATO OCT GGC ACA GAC TIC AAC GCT AAC AAT OGG 1268 
Gly Leu Asp Met Ser Met Pro Gly Thr Asp me Asn Gly Asn Asn Arg 
285 290 295 

CIC TOG OCT OCA OCT CTC AOC AAT OOG GTA AAT AGO AAT CAG GIC OX 1316 
Leu Trp Gly Pro Ala leu Thr Asn Ala Val Asn Ser Asn Gin Val Pro 
300 305 310 

AOG AGC AGA GIC GAC GAT ATO GIG ACT OCT AIC CIC GX GCA TOG TAC 1364 
Thr Ser Arg Val Asp Asp Met Val Thr Arg lie Leu Ala Ala Trp Tyr 
315 320 325 

TTG AO GX CAG GAC CAG GCA GX TAT OX TOG TTC AAC AIC AGC AGA 1412 
Leu Thr Gly Gin Asp Gin Ala Gly Tyr Pro Ser Jhe Asn He Ser Arg 
330 335 340 

AAT CTT GAA GGA AAC GAC AAG AOC AAT GIC AX GCA ATT GX AGG GAC 1460 
Asn Val Gin Gly Asn His lys Thr Asn Val Arg Ala He Ala Arg Asp 
345 350 355 360 

GX A3C GIT CIC CIC AAG AAT GAC GX AAC AIC CIC OX CTC AAG AAG 1508 
Gly He Val Leu Leu Lys Asn Asp Ala Asn He Leu Pro Leu Lys Lys 
365 370 375 

OX GCT AX ATT GX (TIC GIT GGA TCT GX GCA AIC ATT OCT AAC GAC 1556 
Pro Ala Ser He Ala Val Val Gly Ser Ala Ala He He Gly Asn His 
380 385 390 

GX AGA AAC TOG OX TOG TOC AAC GAC AAA GX TOC GAC GAC GX GX 1604 
Ala Arg Asn Ser Pro Ser Cys Asn Asp Lys Gly Cys Asp Asp Gly Ala 
395 400 405 

TTC GX AIG GCT TOG GCT TOC GX GX GIC AAC TAT OX TAC TTC GIC 1652 
Leu Gly *tet Gly Trp Gly Ser Gly Ala Val Asn Tyr Pro Tyr Ihe Val 
410 415 420 
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FIG. 1 (Con'L) 

OOG OOC T>C GAT OOC ATC AAT AOC AGA GOG TCT TOG CAG GOC AOC CAG 1700 
Ala Pro Tyr Asp Ala He Asn Thr Arg Ala Ser Ser Gin Cly Bur Gin 
425 430 «5 4*0 

GTT AOC TIG AOC AAC AOC GAC AAC AOC T0C TCA 00C OCA TCT OCA OCA 1748 
Val Thr Lai Ser Asn Hit Asp Asn Bur Ser Ser Cly Ala Ser Ala Ala 
445 450 455 

AG* OCA AAG GAC GTC OOC ATC GTC TIC ATC AOC OOC GAC TOG GOT GAA 1796 
Aro Gly us Asp val Ala lie Val R» lie Thr Ala Asp Ser Gly Glu 
460 4« 470 

GGC *DC ATC AOC GTG GAG OOC AAC GOG OOC GAT OOC AAC AAC CIG GAT 1844 
Gly Tyr He Thr Val Glu Gly Asn Ala Cly Asp Arg Asn Asn Lai Asp 

iic 480 485 



1892 



1940 



475 480 

OS TOG OC AAC OOC AAT GOC CPS GTC CAC GOG GTG OOC GOT OOC AAC 
Pro Ttp His Asn Gly Asn Ala leu Val Gin Ala val Ala Gly Ala Asn 
490 495 500 

j^jUUCGTCmGTTGITGTCCACTOCOT 

Ser Asn Val He Val Val Val His Ser Val Gly Ala He He Lai Glu 
S5 510 515 520 

Okfl ATT CIT OCT CTT OCG CAG GTC AAG GOC GTT GTC TOG GOG GOT CTT 1988 
Cln lie Lai Ala Leu Pro Gin Val Lys Ala Val Val ftp Ala Gly Lai 
525 530 535 

OCT TCT CAC GAG AOC GOC AAT GOG CIC GTC GAC GTG CIG TOG OCA GAT 2036 
Pro Ser Gin Glu Ser Cly Asn Ala Lai Val Asp Val Lai ftp Gly Asp 
540 545 550 

GTC AOC CCT TCT GOC AAG CTC GTG TAC AOC ATT GOG AAC AOC COC AAT 2084 
Val Ser Pro Ser Gly lys Lai Val Tyr Thr He Ala lys Ser Pro Asn 
555 " 560 565 

GAC TAT AAC ACT COC ATC GTT TOC GOC OOC ACT GAC AOC TIC AOC GAG 2132 
Asp Tyr Asn Thr Arg He Val Ser Gly Cly Ser Asp Ser Phe Ser Clu 
570 575 580 

GGA CTC TIC ATC GAC TAT AAG CAC TIC GAC GAC GOC AAT ATC AOG OCG 2180 
Gly Leu Phe lie Asp Tyr lys His Phe Asp Asp Ala Asn He Thr Pro 
^ 590 595 600 

OOG TAC GAG TIC OOC TAT OCA CIG T GTAAGTTTGC TAACCTGAAC 2225 
Am Tyr Glu Phe Gly Tyr Gly Lai 
605 

AATCTATTAC ACAOGTTGAC TGAOGGATGA CTGTOGAATG ATAG CT TAC AOC AAG 2280 

Ser Tyr Thr lys 
610 
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FIG. 1 (Con't.) 



TIC AAC TAC TCA OOC CTC TOC GTC TIG TOG AOC OOC AAG TOT OCT OCT 2328 
Fhe Asn Tyr Ser Arg Leu Ser Val Leu Ser Thr Ala Lys Ser Gly Pro 
615 620 625 

GOG ACT OX OOC GTT GIG OOC GGA OOC OX ACT GAT CPS TIC GAG AAT 2376 
Ala Thr Gly Ala Val Val Pro Gly Gly Pro Ser Asp Leu Phe Gin Asn 
630 635 640 

GTC GX ACA GTC AOC GTT GAC ATC OCA AAC TCT GGC GAA GIG ACT GOT 2424 
Val Ala Ihr Val Thr Val Asp lie Ala Asn Ser Gly Gin Val Thr Gly 
645 650 655 660 

GCC GAG GTA OOC CAG CTG TAC ATC AOC TAC CCA TCT TCA OCA OX AX 2472 
Ala Glu Val Ala Gin leu Tyr lie Ihr iyr Pro Ser Ser Ala Pro Arg 
665 670 675 

AOC OCT OX AAG CAG CTG OGA OX TTT OX AAG CTG AAC CTC AX OCT 2520 
Ihr Pro Pro Lys Gin leu Arg Gly fhe Ala Lys Leu Asn Leu ihr Pro 
680 685 690 

OCT CAG AX GGA ACA OCA AOS TIC AAC ATC OGA OGA OGA GAT CTC AOC 2568 
Gly Gin Ser Gly Thr Ala Thr the Asn He Arg Arg Arg Asp Leu Ser 
695 700 705 

TAC TOG GAC AX GCT TX CAG AAA TX GIG GTG OX TX GX TX TIT 2616 
Tyr Tip Asp Thr Ala Ser Gin Lys Trp Val Val Pro Ser Gly Ser Fhe 
710 715 720 

GX ATC AX GIG GGA GX AOC AOC OX GAT ATC AX CPS AX AOC ACT 2664 
Gly He Ser Val Gly Ala Ser Ser Arg: Asp He Arg Leu Thr Ser Thr 
725 730 735 740 

CTG TOG CTA GCC TM30XGAX AOCGTGAAX OXTICA CCT GTGACTSTGA 2716 
Leu Ser Val Ala 

745 

GTGAGGAOX AAGGTOCGAT GCOCTGAATA CIOCA OG A A T ACAATCTTCA OGATAGGCAT 2776 

CAGAGCAGTA ACATGAATGA TGAAGAOGX OGAAGCAGAA GTGAATTGAG GAGGTAGTGA 2836 

TCATGAAATG TGAGOGAAGA GAGATGTTCA ATCAOCTTGT TOGAOQGAAG CTGCAAATTG 2896 

GGCCTCAXT CATCICXAG AGAGAAGGAA CTCTTGCAGC AOGAGTPCTG CTCACIGAGA 2956 

AGAAGGOCX GGITAGOGTC OO G O CT C T IC OGOGACATOC TO0GC TO0 X CACTGTGCTG 3016 

TCAAACIGX AOCAACA 3033 
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FIG. 2 
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FIG. 3B 
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FIG. 5C 
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FIG. 6 
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A. nidulans N.crassa 



FIG.IOA 
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Humicula grisea 

FIG. IOB 
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